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During the Anthropocene increasing human induced environmental changes have led to rapid 
transitions from natural to novel ecosystems. Species that persist during this transition 
process may respond to these new conditions by altering their traits. This may enable some 
species to persist where others disappear due to their lack of adaptability to these new 
conditions.  
In this thesis, I aim to understand what enable selected insect species to persist during human 
induced rapid environmental changes. I use morphology and biochemistry as a proxy for 
species’ adaptations in the German Berlin-Brandenburg area, an area that is characterized by 
increasing urbanisation and agricultural land-use over the past 150 years. For retrospective 
analyses over a spatio-temporal gradient, I examined voucher specimens from natural history 
museums combined with newly collected specimens.  
In paper 1, I examine changes in flight-to-light dependent traits in the moth species Agrotis 
exclamationis in response to increasing artificial night light in the same region over the past 
137 years. For these analyses I use retrospective radiance values based on satellite data from 
the years 2012 to 2019. Along the spatial gradient I could not find any trait changes. However, 
I verified changes in body size and females’ eye-size over time, although this was not directly 
related to artificial night light. I suggest that artificial night light influences trait changes 
indirectly by reinforcing habitat fragmentation and influencing females’ sighting of host-
plants. However, I could show a trend between smaller eyed females and increasing artificial 
night light over time. This provides, the first evidence that morphological trait changes in 
response to increasing artificial night light might already taking place.  
In the second paper I investigate if increasing urbanisation and land-use for agriculture across 
space and time (the past 125 years) have an influence on body size and biochemistry in two 
ground beetle species, Harpalus affinis and Harpalus rufipes. I found no spatio-temporal 
changes in both species’ female body size but identified a decrease in male H. rufipes’ body 
size in the city, whereas their sizes stayed constant in rural areas over time. I discuss different 
activity pattern of both species as the reason for these findings. The biochemical examinations 
show that intense application of fertilizer influences the biochemistry of specimens living in 
agricultural habitats. This, results in stable nitrogen isotope signatures in their tissues that are 
mostly higher than those living in urban habitats. However, I show that some urban habitats 
might be equally enriched with nitrogen (as reflected in the specimens’ tissues), indicating the 
heterogeneity of urban habitats.  
In paper 3, I investigate the effects of human induced environmental changes on the 
frequency of colour change in the ground beetle species Harpalus affinis between urban and 
rural habitats over the past 125 years. I found sexual dichromatism, and similar colour morphs 
between males and females over time, with the exception of females examined from urban 
regions. In this case, bronze colour morphs in females were more abundant in times with high 
levels of soot pollution in the city, whereas green colour morphs became more dominant with 
decreasing levels of soot pollution over time. I interpret this finding to be driven by natural 
selection of the less cryptic colour morph during the respective time period, whereas the lack 
of any change in colour morph frequencies in males is likely the result of sexual selection.  
These studies show that rapid human induced environmental changes are triggering 
morphological and biochemical trait changes in species that persist in altered habitats across 
space and time. However, these trait changes are dependent on the species, their activity 
pattern and sexes. Additionally, I show that some trait changes are not clearly verifiable at 
present due to the relatively short timeframe in which human induced environmental changes 



















Während des Anthropozäns führten zunehmende, durch Menschen verursachte 
Umweltveränderungen zu rasanten Übergängen von naturnahen zu neuartigen Ökosystemen. 
Arten die in Ökosystemen während dieser Übergänge überdauern, könnten Veränderungen 
ihrer Merkmale aufweisen, die sie befähigen, sich an die neuen Bedingungen anzupassen. 
Andere Arten hingegen verschwinden aus neuartigen Ökosystemen da sie sich nicht an die 
rasant entstehenden neuen Umweltbedingungen anpassen können.  
In meiner Dissertation versuche ich anhand ausgewählter Insekten-Arten zu verstehen, 
welche Merkmale es Arten ermöglichen in Zeiten rasanter, von Menschen verursachter 
Umweltveränderungen zu überdauern. Hierzu untersuche ich, stellvertretend für die Fähigkeit 
der Adaption, morphologische und biochemische Merkmale von Arten aus der Region 
Berlin/Brandenburg in Deutschland. Diese Region ist durch zunehmende Urbanisierung und 
Landnutzung für den Ackerbau innerhalb der letzten 150 Jahre gekennzeichnet. Für 
rückblickende Analysen entlang eines raumzeitlichen Gradienten untersuchte ich 
Sammlungsexemplare aus Naturkundemuseen die durch neu gesammelte Exemplare 
erweitert wurden.  
In Paper 1 untersuche ich in der Nachtfalterart Agrotis exclamationis Veränderungen von 
Merkmalen, die ein Verhalten begünstigen vom Licht angezogen zu werden, als Antwort auf 
die Zunahme künstlicher Lichtquellen in der Nacht in einer Region über die letzten 137 Jahre. 
Für diese Analysen verwende ich zurückwirkende Radianz-Werte basierend auf 
Satellitendaten der Jahre 2012 bis 2019. Entlang des räumlichen Gradienten konnte ich keine 
Merkmalsveränderungen nachweisen. Allerdings konnte ich Veränderungen der 
Körpergrößen und in Weibchen Veränderungen der Augengrößen über die Zeit nachweisen. 
Beide Veränderungen sind jedoch nicht direkt auf zunehmendes künstliches Licht in der Nacht 
zurückzuführen. Ich diskutiere den indirekten Einfluss künstlichen Lichts in der Nacht auf die 
nachgewiesenen Merkmalsveränderungen als Verstärkung der Habitat Fragmentierung sowie 
einer Beeinflussung der Sicht von Weibchen auf deren Wirtspflanzen. Allerdings konnte ich 
zeigen, dass in Weibchen ein Trend zwischen kleineren Augen und zunehmenden künstlichem 
Licht in der Nacht über die Zeit zu erkennen ist. Dies könnte auf einen ersten Hinweis 
hindeuten, dass morphologische Merkmalsveränderugen als Antwort auf zunehmendes 
künstliches Licht in der Nacht bereits stattfinden.  
In Paper 2 untersuche ich ob zunehmende Urbanisierung und Landnutzung für den Ackerbau 
über die letzten 125 Jahre sowie zwischen beiden Landnutzungstypen einen Einfluss auf die 
Körpergrößen und Biochemie zweier Laufkäferarten, Harpalus affinis und Harpalus rufipes, 
hat. Ich konnte keine raumzeitlichen Veränderung der Körpergrößen in Weibchen beider 
Arten nachweisen, allerdings eine Abnahme der Körpergröße in männlichen H. rufipes in der 
Stadt über die Zeit, wohingegen deren Körpergrößen im ländlichen Raum über die gleiche Zeit 
konstant blieben. Ich diskutiere diese Ergebnisse als ein Resultat verschiedener 
Aktivitätstypen beider Arten. Die bioschemischen Untersuchungen zeigen, dass der 
intensivierte Einsatz von Düngemitteln einen Einfluss auf die Biochemie derer Käfer hat, die in 
Ackerlandschaften vorkommen. Dies zeigt sich in meist höheren Anreicherungen stabiler 
Stickstoff-Isotopen in deren Geweben im Vergleich zu Käfern die im urbanen Raum leben. 
Allerdings konnte ich zeigen, dass einige urbane Habitate einen ähnlich hohen Stickstoffgehalt 
wie Ackerlandschaften aufzuweisen scheinen, was sich in den Geweben der dort lebenden 
Käfer wiederspiegelt und auf eine hohe Heterogenität urbaner Habitate hinweist.  
In meiner 3. Publikation untersuche ich die Auswirkungen der durch Menschen verursachte 
Umweltveränderungen auf Farbmorph-Häufigkeiten der Laufkäferart Harpalus affinis 
zwischen urbanen und ländlichen Regionen über die letzten 125 Jahre. Ich konnte einen 
Sexualdichromatismus nachweisen sowie generell konstant bleibende Farbmorphen entlang 
der raum-zeitlichen Gradienten in Männchen und Weibchen, außer in den Weibchen die im 
urbanen Raum über die Zeit untersucht wurden. Hierbei war in Zeiten mit hoher städtischer 
Luftverschmutzung durch Ruß die bronze Farbmorphe der Weibchen in höhere Abundanz 
vertreten, wohingegen die grüne Farbmorphe mit abnehmender Luftverschmutzung im Laufe 
der Zeit an Häufigkeit zunahmen. Ich interpretiere diese Ergebnisse als ein Resultat der 
natürlichen Selektion der jeweils am wenigsten für Prädatoren auffälligen Farbmorphe in der 
entsprechenden Zeit. Das Fehlen einer Änderung der Farbmorph-Häufigkeit bei den 
Männchen interpretiere ich hingegen als Ergebnis der sexuellen Selektion.  
In meinen Untersuchungen konnte ich zeigen, dass rasante, von Menschen verursachte 
Umweltveränderungen morphologische und bioschemische Merkmalsveränderungen in 
Arten, die in veränderten Lebensräumen überdauern, verursachen können. Allerdings sind 
diese Merkmalsveränderungen abhängig von der jeweiligen Art, deren Aktivitätstyp und 
Geschlecht. Zusätzlich konnte ich zeigen, dass manche Merkmalsveränderungen derzeit nicht 
klar nachweisbar sind aufgrund der relativ kurzen Zeit in der durch Menschen verursachte 
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1.1 The Anthropocene 
We live on a highly dynamic planet which is constantly changing in response to natural 
processes over time (Steffen et al., 2004). These continuous changes lead to evolutionary 
processes in species resulting from adaptations to changing conditions (Darwin, 1875; 
Waddington, 1959).  
The spread of humans across the planet, has led to an acceleration of this originally long-term 
change of environments due to rapid land-use for human living space (CRGEC, 1991) and 
agriculture (Tilman et al., 2001). Humans altered their environments in a dimension similar to 
that of significant geological forces, justifying the assignment of this geological epoch as the 
‘Anthropocene’ (Steffen et al., 2011). There is no specific date for the beginning of this epoch, 
but it is suggested that the latter part of the 18th century marked the starting point. At this 
time, the industrial revolution spread from England to countries in Europe and North America, 
making global effects of human impacts clearly visible during the past two centuries (Steffen 
et al., 2011).  
The human world population comprises 7.7 billion people, with a projected increase to 9.7 
billion people by 2050 (United Nations, 2019). Currently 75 % of the ice-free land of our planet 
is human influenced (Ellis et al., 2010) to varying degrees of intensity (Liu et al., 2002). 
Between 1982 and 2016 Song et al. (2018) identified that of all land changes, 60 % are 
associated with direct human land-use and 40 % are indirectly affected (potentially via climate 
change).  
1.2 Agricultural land-use and urbanisation 
With a steady increasing human population, the demand for food and fuel increases (Foley et 
al., 2011). Due to the agricultural revolution in the second half of the 20th century agricultural 
productivity in Europe and North America was intensified by economic and technological 
incentives (Blaxter and Robertson, 1995; Gardner, 1996; Erisman et al., 2008), resulting in 
steadily increasing amounts of intensely managed agricultural land globally (Foley et al., 2011). 
By the year 2000, agricultural land occupied roughly 38 % of the Earth’s terrestrial surface 
(Ramankutty et al., 2008). The large amount of land utilized for extensive monoculture 
cultivations results in environmental eutrophication due to intense application of biological 
and chemical fertilizer (Smith, 2003; Bouwman et al., 2009). Agricultural land-use also leads 
to the loss of habitat heterogeneity (Benton et al., 2003), which has resulted in widespread 
declines in farmland biodiversity across taxa in recent years (Fuller et al., 1995; Flowerdew, 
1997; Sotherton and Self, 2000).  
In addition, the number and size of urban settlements is increasing rapidly and the percentage 
of people living in urban areas is growing (Soundranayagam et al., 2011). While in 1950 30 % 
of the world’s population lived in cities, it is projected that 68 % of the world’s population will 
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be living in cities by 2050 (United Nations, 2019). Urbanisation leads to drastic environmental 
changes such as air pollution, resulting from high traffic density and exhausted industrial gases 
(Fenger, 1999; Baklanov et al., 2015), light pollution due to artificial night lighting (Sutton, 
2003; Kyba et al., 2017b), as well as loss and fragmentation of the environment due to building 
and infrastructure construction (Liu et al., 2016). Cities additionally exhibit higher 
temperatures than their rural surroundings, due to sealing, high buildings and low vegetation 
cover (Oke, 1973) (Fig. 1). These factors have multifaceted negative and positive effects on 
species living in cities (McKinney, 2008). Urbanisation removes habitats for many native 
species (McKinney, 2006), leading to a decline in some taxa (Davis, 1978; Germaine and 
Wakeling, 2001; Kim and Pauleit, 2005). Some taxa however, exhibit population increase 
(Frankie and Ehler, 1978; Kühn et al., 2004; McKinney, 2006), due to the higher habitat 
heterogeneity in urban areas compared to rural areas over small spatial scales (Kühn et al., 
2004).  
1.3 Effects of ecological novelty on communities and species  
Land-use for agriculture and urbanisation are examples of human induced changes leading to 
rapid transitions from historically natural to human influenced environments over time (Fig. 
1). These developments are transforming the abiotic and biotic conditions on Earth (Turner 
and Clark, 1990; Steffen et al., 2004; Millennium Ecosystem Assessment, 2005), defined as 
ecological novelty (Kueffer, 2015).  
 
Figure 1 Rapid transitions from historically natural to novel ecosystems marked by land-use for 
industry, agriculture and urban space, including the following anthropogenic impacts on the 
environment: Soot pollution from industry (brown clouds), application of fertilizer in agricultural 
landscapes (green arrows), artificial night light in urban areas (yellow light sources), and urban heat 





Ecological novelty is clearly defined as man-made (Vitousek et al., 1997; Turner and Clark, 
1990), and is characterised by the large magnitude and rapid rates of current environmental 
changes (Vitousek et al., 1997; Steffen et al., 2004; Fischlin et al., 2007; Millennium Ecosystem 
Assessmant, 2005). It is also characterized by its multi-dimensional changes, including multiple 
co-occurring factors (Kueffer et al., 2013). This makes ecological novelty highly variable, 
unknown and unpredictable on a global scale (Kueffer, 2015) with unknown triggers and 
consequences for therein living species (Hobbs et al., 2013; Jeltsch et al., 2013).  
Ecological novelty is shaping novel ecosystems that differ in their functions and species 
compositions from those that preceded human impacts (Hobbs et al., 2013). These novel 
communities are composed of species that have never interacted in their evolutionary past 
(Tockner et al., 2011, Lurgi et al., 2012). Some species recently invaded into such systems (Kenis 
et al., 2009; Oduor et al., 2016), whereas others disappeared due to an inability to adapt in 
the face of new conditions (Maas et al., 2002; Brunk and Wiegleb, 2006; Kenis et al., 2009; 
Ziegler, 2011). However, there are still species that persist throughout rapid transitions from 
natural to novel ecosystems (van´t Hof et al., 2011; Doudna and Danielson, 2015; Niemeier et 
al., 2020). Unfortunately, it is unclear what the general conditions are under which trait 
changes are promoted/prevented, that subsequently determine a species adaptability to 
changing environments (Palkovacs et al., 2011).  
1.4 Importance of museum vouchers 
Transitions from natural to novel ecosystems take place over relatively short timeframes in 
comparison to most natural evolutionary processes (Vitousek et al., 1997; Steffen et al., 2004; 
Fischlin et al., 2007; Millennium Ecosystem Assessment, 2005). However, these timeframes 
are still too long to make changes in physiology and behaviour in species that persist through 
times of human-induced environmental alterations directly verifiable. But there is a possibility 
to study species over longer periods by examining preserved specimens of natural history 
museum collections (Rocha et al., 2014). Morphological traits of museum voucher specimens 
can be used as a proxy for species’ ecological and physiological adaptations across time 
(Doudna and Danielson, 2015; Niemeier et al., 2020). By comparing current samples with 
museum specimens from the same areas, it is possible to obtain data across environmental 
transitions over a spatio-temporal gradient (van’t Hof et al., 2011; Doudna and Danielson, 
2015; Niemeier et al., 2020).  
1.5 Insects as study species 
Insects are well presented in collections of natural history museums, comprising many species 
which persisted though times of human induced environmental change. About 54 % of the 
more than one million extant described animal species are insects, distributed over a wide 
geographical area (Schowalter, 2000; Chapman, 2006). Their sensitivity to environmental 
changes can provide an early warning for alterations, and allow for continuous assessment 
over a wide range of stresses. Insects also respond quickly to environmental changes due to 
their short generation times, and high reproductive capacity (Peck et al., 1998; Stange and 
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Ayres, 2010). As such, insects serve as excellent biological indicators (Noss, 1990; Peck et al., 
1998), and have been used to determine human-driven changes in the environment, such as 
pollution, habitat loss, habitat fragmentation (McGeoch, 1998), and climate change (Bale et 
al., 2002). The latter is affecting insects at a high rate because climate has a strong direct 
influence on their development, reproduction, and survival (Bale et al., 2002). 
For my thesis I chose three insect species that are verifiable due to well-presented vouchers 
in collections of the Museum für Naturkunde, Berlin and the Naturkundemuseum Potsdam. 
These species persisted across times of human induced environmental changes and occur in 
habitats with different degrees of human impacts in my study area, the German Berlin-
Brandenburg area.  
The moth (Lepidoptera, Noctuidae) species Agrotis exclamationis (Linnaeus, 1758) is 
widespread in the Palaearctic. This species exhibits forewings with lengths of 15 to 19 
millimetres, and colours ranging from pale to dark brown, marked by dark stigmata (Ebert et 
al., 1997). It is a nocturnal pollinator that occurs in glades, grasslands, parks, gardens, on 
ruderal sites and forest edges, but rarely at clearings (Ebert et al., 1997) (Fig. 2).  
 
Figure 2: Drawing of the moth species Agrotis exclamationis. Drawn by Silvia Keinath. 
 
The ground beetle (Coleoptera, Carabidae) species Harpalus affinis (Schrank, 1781) is 
widespread in the Palaearctic and exhibits variable metallic coloration (Wrase, 2004). The 
species is medium-sized (8.5-12 mm), diurnal and predominantly feeds on weed seeds as well 
as occasionally on insect larvae (Townsend, 1992; Sunderland et al., 1995). Adults are winged 




Figure 3 Drawings of a bronze and green colour morph of the ground beetle species Harpalus affinis. 
Drawn by Silvia Keinath.  
 
Harpalus rufipes (De Geer, 1774) is another ground beetle species (Coleoptera, Carabidae), 
that is widespread in the Palaearctic and black in colour with brown/red legs (Wrase, 2004). 
The species is medium-sized (11-16 mm) and nocturnal (Wrase, 2004). Adults breed in 
summer and are winged and volant (Trautner, 2017). They predominantly feed on weed seeds 
but also on insect larvae (Bažok et al., 2007; Trautner, 2017) (Fig. 4).  
 
Figure 4 Drawing of the ground beetle species Harpalus rufipes. Drawn by Silvia Keinath.  
 
Both ground beetle species occur across a wide range of different habitats, including less 
human impacted, near natural open landscapes (Townsend, 1992; Holec et al., 2006), semi-
natural landscapes (Anjum-Zubair et al., 2015), vineyards, grasslands (Trautner, 2017), arable 
fields (Sunderland et al., 1995; Harrison and Gallandt, 2012), and in urban green spaces 
(Deichsel, 2006). 
1.6 Interest of this work  
The aim of my thesis is to understand what enables insect species to persist over a spatio-
temporal gradient of human induced transitions from natural to novel ecosystems in the 
Berlin-Brandenburg area, Germany. By using morphological and biochemical traits of museum 
vouchers and recently collected specimens of these three insect species, I purpose to examine 





2.1 The Berlin-Brandenburg area, Germany 
For my thesis all the papers examine morphological and biochemical trait changes in the 
chosen insect species over a 137 (paper 1) and 125-year period (paper 2 and 3) in the German 
Berlin-Brandenburg region. This region consists of the fast-growing metropolis of Berlin, 
whose expansion and population increase started toward the end of the 19th century. The high 
level of urbanisation (Antrop, 2000; Kratke, 2000) supports a current population (in 2020) of 
nearly 3.8 million inhabitants (Amt für Statistik Berlin-Brandenburg, 2021). The federal state 
of Brandenburg, surrounding Berlin, mostly consists of rural landscapes, ranging from less 
human induced, near natural to intensively managed agricultural monocultures (Cochrane and 
Jonas, 1999) (Fig. 5).  
 
Figure 5 Land-use map of the Berlin-Brandenburg area, Germany between the years 2009 and 2015. 
The rural federal state of Brandenburg, mostly consisting of agricultural and near-natural landscapes, 
is surrounding the metropolis of Berlin (Landesamt für Umwelt, 2009; Senate Department for Urban 






2.2 Flight-to-light associated traits  
Increasing artificial illumination during night affects moth’s activity (van Langevelde et al., 
2011; Owens et al., 2020) and is an increasing factor in the city of Berlin (Kyba et al., 2017a). 
Moths use celestial light sources for orientation (Baker and Sadovy, 1978), and are distracted 
by artificial light sources where they are captured in the light beam and become easy prey for 
predators or die due to exhaustion (Eisenbeis, 2006; Degen et al., 2016). Thus, I expect in 
paper 1, adaptations in morphological traits that reduce flight-to-light behaviour over time in 
the moth species Agrotis exclamationis to artificial night light. Body size and forewing lengths 
are traits indicating flight- and dispersal abilities as larger, longer winged specimens show 
better flight- and dispersal abilities (Beall and Williams, 1945; Nieminen et al., 1999; Slade et 
al., 2013). Eye size indicates sensitivity to light as specimens with larger eyes are shown to be 
more sensitive to light (Rutowski et al., 2009). Thus, I estimate in paper 1, a decrease in these 
traits due to decreased mobility and sensitive vision as a response to increasing artificial night 
light over space and time. To determine levels of light pollution over the past 137 years, I use 
back-calculated radiance values based on recent satellite data of the Berlin-Brandenburg 
region. I could show that body sizes in both sexes increased and eye-size decreased only in 
females over time. However, these results were not directly associated with increasing 
artificial night light. In the discussion I explain that increasing habitat fragmentation might be 
a driver for increasing body size (Merckx et al., 2018), and changes in host plant composition 
due to urbanisation (Sukopp and Werner, 1983; Zerbe et al., 2002) as a driver for decreasing 
eye-size in females. Females are dependent on their eye-size when choosing host plants for 
oviposition (Bernays, 2001), whereas males are dependent on their eye-size for mating (Grant, 
1987). Based therein I discuss the lack of changes in males’ eye-size. I further discuss that 
increasing artificial night light might indirectly influence both morphological trait changes, as 
it was shown to reinforce fragmentation of nocturnal habitats (Degen et al., 2016), and 
influence female moths’ vision when searching for host plants (Callahan, 1957). Moreover, I 
found a trend of smaller eyed females associated with increasing artificial night light over time 
(Fig. 6). I discuss this finding as a preliminary indicator, that morphological trait change in 
response to artificial night light are already taking place, but that the timeframe of 137 years 




Figure 6 Mean eye diameter of right and left eyes in relation to standardized body size (eye diameter 
/ SBL) over time (arrow) with different light pollution categories (low, medium, high) of females 
(reddish boxplots) and males (blue boxplots). Females show a trend for smaller eyes in areas with 
‘medium’ and ‘high’ in comparison to areas with ‘low’ light pollution categories (p = 0.055) and a trend 
in the interaction between light pollution categories and years (p = 0.051). Numbers within boxplots 
give sample sizes. Figure taken from paper 1, figure 4.  
 
2.3 Body size  
Body size is an indicator for habitat quality (Weller and Ganzhorn, 2003; Sukhodolskaya, 2013) 
because ectotherm development is dependent on environmental temperatures (Atkinson, 
1994; Kingsolver and Huey, 2008). Temperatures are higher in the city than in rural areas (Oke, 
1973) and are increasing with increasing urbanisation (Tseng et al., 2018). Thus, in paper 2 I 
expect body sizes in two ground beetle species Harpalus affinis and Harpalus rufipes to be 
smaller now than in the past when living in the city. I verify this expectation only in H. rufipes’ 
males, not in females (Fig. 7) and not in either sex of H. affinis. Thus, I show that different 
activity patterns of species might play a role when adapting to urbanisation. Harpalus rufipes 
in contrary to H. affinis is nocturnal (Wrase, 2004), and attracted to artificial light sources 
(Kegel, 1990; Szentkirályi et al., 2003) its application increased over the past 150 years in Berlin 
due to increasing urbanisation (Eisenbeis and Hänel, 2009; Kyba et al., 2017a). Larger males 
with better flight abilities might be attracted to artificial light sources resulting in an adaptive 
advantage of smaller males in the city over time. Body size in females may remain constant 
due to their generally lower mating effort (Thornhill and Alcock, 1983). As rural areas are less 
artificially illuminated (Rich and Longcore, 2006), body size in H. rufipes stayed constant over 
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the same timeframe. Harpalus affinis might not be affected by artificial light at night due to 
its diurnal activity, explaining the lack in changes in their body sizes. Diurnal species are more 
dependent on their colouration than nocturnal ones. In paper 3, I show a sex specific 
adaptation to urbanisation across the same timeframe in colouration in this species. 
 
Figure 7 Body sizes of Harpalus rufipes females (A) and males (B) in rural (green boxes) and city (grey 
boxes) areas over time. Numbers within boxes indicate sample sizes, dotted brackets with stars 
indicate significant differences in variability of body size, brackets with stars indicate significant 




Adaptation in species’ colouration due to human induced environmental changes over 
relatively short timeframes was already identified in the Peppered Moth Biston betularia in 
response to the industrial revolution in England (so called industrial melanism). The selective 
pressure that acts upon species in this case is natural selection for individuals that are less 
conspicuous to predators (Bishop, 1972). In paper 3, I demonstrate sexual dichromatism and 
sex dependent changes in colour morph frequencies in the ground beetle species Harpalus 
affinis over the past 125 years in Berlin, whereas colour morph frequencies in both sexes 
remained constant across the same timeframe in the rural region of Brandenburg. Females 
from Berlin previously exhibited bronze as the most dominant colour morph, with bronze 
colour morph frequency decreasing over time, along with a complementary increase in green 
colour morph dominance similar to that of males (Fig. 8). In times in which bronze was the 
dominant colour morph in females, Berlin was heavily soot polluted as a result of 
industrialisation (Wey, 1982) and its urban space was rapidly expanded (Buesch and Haus, 
1987). These effects on the urban environment, led to natural selection for the bronze morph, 
which was the less conspicuous colour morph to predators (Thiele, 1977; Endler, 1988). With 
the establishment of environmental protection measures (UNEP/WHO, 1993; UBA, 1998; 
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SenStadtWohn, 2018; Pamme, 2003) and thereof decreasing levels of air pollution over time, 
green colour morphs in females became more dominant. In the discussion section of paper 3, 
I theorize that green females were likely the dominant colour morph in Berlin in pre-industrial 
times. The lack of changes in male colour morphs during soot polluted times may be due to 
sexual selection of females, resulting in a trade-off between mating male success and survival.  
 
Figure 8 Percentage of Harpalus affinis’ females (A, B) and males (C, D) colour morphs in rural (A, C) 
and urban (B, D) areas over time. Different letters indicate significant differences in frequencies of the 
three colour morphs; brackets with stars indicate significant difference between time periods (*p < 
0.05; ***p < 0.01). Figure taken from paper 3, modified from figure 4 and 5.  
 
2.5 Nitrogen enrichments  
Stable isotope compositions, reflect the living conditions of an individual (Peterson and Fry, 
1987). In its tissues, nitrogen is enriched into two stable isotopes 15N/14N (Rosing et al., 1998) 
which provide information on its trophic position (Birkhofer et al., 2011) or its respective 
environment. For example, species inhabiting managed agricultural landscapes show high 
nitrogen enrichments due to the application of fertilizer (DeNiro and Epstein, 1980; Jenkinson, 
2001). In paper 2 I verify spatial differences in stable nitrogen composition in two ground 
beetle species Harpalus affinis and Harpalus rufipes occurring in urban and agricultural 
habitats. In nearly all tissues of both species, stable nitrogen signatures were higher in 
agricultural landscapes than city habitats (Fig. 9). However, I demonstrate that some (highly 
human impacted) urban habitats are equally enriched with nitrogen as intensively managed 
agricultural areas (Muchovej and Rechcigl, 1994; Zhu et al., 2004). I show that higher 




Figure 9 Stable δ 15N (in ‰) in cuticula, legs, and muscles of Harpalus rufipes (A) and H. affinis (B) from 
agricultural (yellow boxes) and urban (grey boxes) habitats, numbers within box plots provide sample 
sizes, black brackets with stars indicate significant difference between stable isotope values in tissues 
between habitats, dotted bracket with stars indicate significant differences in variability of stable 
isotope values in tissues between habitats (* = p < 0.05; ** = p < 0.01). Figure taken from paper 2, 
modified from Figure 4.  
 
3. Conclusions and outlook  
In my thesis I identified intraspecific trait differences between different habitats with varying 
degrees of human impact. This was particularly apparent in the nitrogen signatures of 
specimens occurring in landscapes used for agriculture (due to intense application of 
fertilizer), compared to non-agricultural environments, as described for other Arthropods 
(Birkhofer et al., 2011) and amphibians (Niemeier et al., 2020). However, high nitrogen 
enrichments, reflected in specimens’ tissues, were not exclusive to intensive agriculture 
habitats. Highly heterogeneous urban areas also contained habitats with equally high nitrogen 
enrichments, dependent on the degree of anthropogenic use, as described by Pyšek (1995) 
and was found to be reflected in amphibians (Niemeier et al., 2020).  
I also demonstrate that morphological trait changes in insects occur across a relatively short 
timeframe (less than 150 years) of human induced environmental change from natural to 
novel ecosystems, as was already shown in moths (van’t Hof et al., 2011), amphibians 
(Niemeier et al., 2020) and mammals (Doudna and Danielson, 2015). In particular I show that 
different factors affect species occurring in human induced environments. These factors, 
influence natural and sexual selection, resulting in morphological trait changes over time that 
are dependent on the respective species, their activity pattern and sexes.  
However, some morphological trait changes are not clearly definable as most evolutionary 
processes are dependent on longer times. As some human induced environmental shifts 
began fairly recently, these timeframes may be too short for adaptations to visibly arise. This 
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may be the case for the application of artificial night lights which have continuously increased 
in intensity since 1950s (Eisenbeis and Hänel, 2009).  
To gain more insights into species’ adaptations to human induced environmental changes over 
rapidly transitioning natural to novel ecosystems, changes in morphological traits obtained 
from museum vouchers could be examined over longer timeframes. However, to do so it is 
important to expand museum collections by including samples of recent and ongoing years. 
Besides increasing our knowledge of species adaptability to novel ecosystems, management 
of sufficient habitats and reduction of human induced stressors are important measures to 
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Increasing artificial illumination during night has multifaceted effects on species. Moths are shown to be distracted and
attracted by artificial light sources, leading to increased mortality through predation or exhaustion. Increased mortality can be
expected to increase selection pressure on morphology, particularly those being functional in light detection and flight ability.
We were thus interested if intraspecific traits differ between areas and times with differing light pollution values. We chose the
moth Agrotis exclamationis, a common species in the Berlin-Brandenburg region, Germany, a region that offers very different
levels of light pollution across space and time. We examined body length, eye size and forewing length, traits likely targeted
through selection due to light pollution. We examined moths collected over the past 137 years. We predicted decreasing fore-
wing length, body and eye size, in response to increasing light pollution and expected to see trait changes from the past to
today, and from rural to urban areas, representing temporal and spatial gradients of increasing light pollution. In order to deter-
mine current levels of light pollution, we used radiance values of the years 2012 to 2019. These values were the base to extrapo-
late previous radiance values for all sample sites and years. We observed no trait differences along the spatial gradient, but trait
and sex dependant changes along the temporal gradient. We could not confirm a direct causal link between changes in body
size and female eye size. However, we revealed indirect effects of light pollution, and assume habitat fragmentation and host-
plants to be the main drivers for these effects. A trend towards smaller-eyed females in ‘medium’ and ‘high’ light-polluted areas
over time could be a first indication that morphological trait changes to light pollution are taking place.
© 2021 The Author(s). Published by Elsevier GmbH on behalf of Gesellschaft für Ökologie. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Artificial light at night (ALAN) is widespread, positively
correlated with urbanisation (Sutton, 2003), and increases at
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25an annual rate of about 26% worldwide (H€olker et al.,
llschaft für Ökologie. This is an open access article under the CC BY-NC-
Study species
Agrotis exclamationis (Linnaeus, 1758) (Lepidoptera,
2 S. Keinath et al. / Basic and Applied Ecology 56 (2021) 1102010a; Kyba et al., 2017b). Because ALAN has been intro-
duced in places, times and at intensities at which it does not
naturally occur, it became a threat to biodiversity
(Gaston, Visser & H€olker, 2015; H€olker, Wolter, Perkin &
Tockner, 2010b; Longcore & Rich, 2004), with
respective ecological and evolutionary consequences
(Hopkins, Gaston, Visser, Elgar & Jones, 2018; Navara &
Nelson, 2007; Rich & Longcore, 2006). Insects, especially
moths, seem to be particularly affected by ALAN
(Owens et al., 2020; Van Langevelde, Ettema, Donners,
WallisDeVries & Groenendijk, 2011). In clear nights moths
use celestial light sources such as moon and stars for orienta-
tion (e.g. Baker & Sadovy, 1978). However, they get dis-
tracted by artificial light and often stay trapped flying
around lamps. There they become easy prey to predators or
simply die by exhaustion (Degen et al., 2016; Eisen-
beis, 2006). Natural selection thus should favour individuals
that are less attracted by artificial light sources
(Gaston, Bennie, Davies & Hopkins, 2013), as it was shown
for populations of ermine moths Yponomeuta cagnagella,
where specimens from urban areas show a reduced flight-to-
light behaviour compared to conspecifics from pristine dark-
sky habitats (Altermatt & Ebert, 2016). Morphological trait
changes that reduce flight-to-light behaviour may thus indi-
cate adaptation to ALAN in moths. Flight ability is impor-
tant to meet mates, disperse, escape from predators, and
search for nectar and larval host-plants (Chai & Sryg-
ley, 1990; Scoble, 1992). Longer-winged specimens have
better flight abilities than shorter-winged ones (Beall & Wil-
liams, 1945); and larger specimens have been shown to be
better dispersers than smaller ones (Nieminen, Rita &
Uuvana, 1999; Slade et al., 2013). Specimens with better
flight abilities might be relatively more often attracted by
ALAN, because they cover larger distances and thus the
chances that they come close to artificial light increases
(Van Langevelde et al., 2011). Visual cues are important for
navigation strategies (Wehner, 1984). Although males’ mate
detection is primarily based on sex pheromones, visual cues
are additively used for short-distance detection
(Grant, 1987). In females visual cues are important for
selecting host-plants for oviposition (Bernays, 2001).
Moth’s eye size likewise impacts sensitivity to light
(Yack, Johnson, Brown & Warrant, 2007). For instance,
Rutowski, Gislen and Warrant (2009) showed that large
moths with relatively larger eyes have more accurate and
more sensitive vision than smaller individuals, and, species
with larger eyes are usually more affected by artificial light
than smaller eyed ones (Van Langevelde et al., 2011). Thus,
increasing ALAN may select for smaller-eyed individuals.
Because trait change takes place across many generations,
it is difficult to observe respective processes within usual
study periods. However, this challenge might be overcome
by examining museum vouchers, which have been collected
over long periods (Doudna & Danielson, 2015;
Keinath, Frisch, M€uller, Mayer & R€odel, 2020;
Niemeier, M€uller, Struck & R€odel, 2020). Herein we26investigated the moth Agrotis exclamationis. During the last
137 years this species was regularly collected in the German
Berlin-Brandenburg area, a region exhibiting steep temporal
and spatial gradients of light pollution. We hypothesize a
decrease in body size, relative forewing length and eye size
due to less mobility and sensitive vision from low to high
levels of light pollution, in space and time (Fig. 1).Materials and methods
Study area
Berlin, Germany, is an increasingly urbanizing city
(Antrop, 2000), including growing levels of light pollution
(Kyba et al., 2017b). In contrast, the federal state of Bran-
denburg, a rural area surrounding Berlin, is mostly consist-
ing of agricultural and near-natural environments
(Antrop, 2000; Cochrane & Jonas, 1999). Industrialization
in Berlin started in the beginning of the 19th century
(Ribbe, Bohm, Schich & Schulz, 2002a). Streets and public
places became first artificially illuminated in 1882 (Haub-
ner, 1962). Berlin’s population was steadily increasing and
reached an unrivalled peak in the 1920s (Ribbe, Bohm,
Schich & Schulz, 2002b), comprising a much lower human
population after World War II (Ribbe et al., 2002b). Since
an economic boom starting in the 1950s onward, the human
population and the density and intensity of artificial light
increased (Eisenbeis & H€anel, 2009; United Nations, 2002).
For instance, Kyba, Kuester and Kuechly (2017a) demon-
strated an increase of lit areas of 2.5% and an increase in
radiance of 7.4% in already lit areas from 2012 to 2016.Noctuidae) is common and widespread in our study region,
at least over the past 137 years. It is a nocturnal pollinator,
exhibiting forewing length of 15 to 19 mm s and occurs in
grasslands, parks, gardens, glades, ruderal sites, and on for-
est edges, rarely at clearings. It is widespread from Europe
to Asia, and produces two generations from May to July,
and from August to September, the latter comprising smaller
individuals (Ebert, Rennwald & Bartsch, 1997). We only
examined imagines from the first generation to ensure com-
parable traits. Relative to migratory moths, Agrotis exclama-
tionis is a medium mobile species. Jones, Lim, Bell,
Hill and Chapman (2016) show that males cover distances
of up to 6935 m. Females deposit their eggs on host-plants
(Xu, Liu & Zhang, 2013). Larvae are generalist feeders
(Ebert, Rennwald & Bartsch, 1997), and may become crop
and potato pests (Xu et al., 2013). Sexes can be distin-
guished by feathered antennae in males, and string-shaped
antennae in females (Ebert et al., 1997).
Origin of specimens high proportion of blue light) and ‘black’ lights traps (UV
and blue light) should be comparable.
Specimens were pinned planar in drawers. Complete
Fig. 1. Hypothetic influence of increasing light pollution on moths’ morphological traits. We expect that larger moths with relatively larger
eyes and forewing length will occur at sites and in times with low levels of light pollution. With increasing light pollution, we expect a
decrease in body size, relative eye size, and forewing length.
S. Keinath et al. / Basic and Applied Ecology 56 (2021) 110 3In total, we examined 79 A. exclamationis (48 females; 31
males), including 37 from the city of Berlin and 41 from the
federal state of Brandenburg; 54 specimens (29 females; 25
males) were museum vouchers (Museum f€ur Naturkunde,
Berlin and Naturkundemuseum Potsdam), spanning the
years 1880 to 1998; 25 specimens (19 females; 6 males)
were collected in 2017. Museum vouchers from Berlin were
collected in parks, small green spaces, industrial areas and
lakefronts. Vouchers from ruderal Brandenburg were col-
lected around small villages and within larger towns.
Museum labels mentioned that vouchers were collected with
light traps. Recently collected specimens were captured
manually by black light traps on 18 dry grassland sites
within Berlin and two dry grassland sites in Brandenburg
(June to July 2017) (see Appendix C: Table 1). We assume
that museum vouchers were manually picked from light
traps for the respective collections (no passive collection for
ecological studies). Because our species is known to be
mainly attracted by short-wavelengths (Fayle, Sharp &
Majerus, 2007; Somers-Yeates, Hodgson, McGregor, Spald-
ing & Ffrench-Constant, 2013) samples from ‘white’ (with a27Measurementsdrawers with all specimens were scanned with a SatScanTM
imaging system developed by SmartDrive Ltd., including a
camera with a 0.16x telecentric lens. The camera moves
along rails positioned above the drawer and captures 240
images at precise positions. These images are then ‘stitched’
with SatScan analyse 64 software to produce a single high-
resolution image of the entire drawer (Johnson, Mantle,
Gardner & Backwell, 2013). Body length, and forewing
length measures were taken from these figures using the
ruler tool in Adobe Photoshop (Version: CS 5.1). Standard-
ized body length (SBL) measures were taken with modifica-
tions following Kavanaugh (1979). SBL commonly
comprises head length, thorax length and abdominal length.
We measured abdominal length by summing up all 10 single
segment measures of the abdomen by using the maximum
distance because abdomens of some vouchers were curved
investigating effects of light pollution on a larger scale.
4 S. Keinath et al. / Basic and Applied Ecology 56 (2021) 110to one side. For better measures of some segments that were
partly covert by other segments, we used polygon lasso and
magic lasso tools to uncover them. Forewing length (FWL)
were measured from the anterior axillaria joint of the fore-
wing with the thorax along the costa contact with parapteron
episternale to the tip of the forewing. Horizontal diameters
of the eyes were measured with a measuring ocular attached
to a dissecting microscope (Leica MZ 12) (see Appendix
A). Measurement errors were determined by the mean of a
randomized chosen subsample of 10 specimens (accuracy
was: SBL: § 0.03 mm; FWL: § 0.06 mm; eye diameter: §
0.03 mm). The data used in the analyses were standardized
to SBL: relative mean diameter of the left and right eye (eye
diameter / SBL), and the relative mean length of the left and
right forewings (FWL / SBL).Data classification
The Spearman correlation between ‘Radiance’ and ‘Year’For categorization of ALAN levels at different sites and
years, we used the “light pollution map” (www.lightpollu
tionmap.info) (Light pollution map, 2019), based on satellite
data from the defense Meteorological Satellite Program-
Operational Linescan System (DMSP; 1992 to 2011; spatial
resolution: 5 £ 5 km), and the Visible Infrared Imaging
Radiometer Suite Day-Night Band (VIIRS DNB; 2012 to
2019; spatial resolution: 750 £ 750 m, see Miller et al.,
2013). Especially VIIRS DNB has been shown to have suffi-
cient resolution to identify major sources of waste light
(Kyba et al., 2015). The maps based on VIIRS DNB data
were used to display radiance values (109 W / cm2 * sr) for
every verified moth collection site. In contrast, maps based
on DMSP data are classified into light categories. The higher
spatial resolution of DMSP and VIIRS DNB pixel between
different years are sufficient for our analyses because they
match the accuracy of the museum label data, usually given
on Berlin district levels, districts usually being even larger
than the spatial resolution of DMSP pixel.
For moths collected in 2017, we used absolute radiance
values of their respective sampling sites. For moths collected
in previous years (1880 to 2010), we calculated for each col-
lection site the mean relative rate of ALAN increase over
the years 2012 to 2019 from maps that are covered by VIIRS
DNB. With these site-specific ALAN increase rates over
seven years, we back-calculated the ALAN levels of former
years, using time steps of seven years (see Appendix C:
Table 1). To evaluate the reliability of this approach, we val-
idated our calculated radiance values with the map based on
DMSP data from 1998 to 2005. All retrospectively calcu-
lated radiance levels were within the given intervals of the
DMSP light categories of the respective year.
In a next step we established our own Light Pollution Cat-
egories (LPC) of both measured and back-calculated radi-
ance values. Category 1 ‘low’ is spanning radiance values
from 0 to 0.25; category 2 ‘medium’ from 0.25 to 1.50 and
category 3 ‘high’ from 1.5 to 50.0 (109 W / cm2 * sr). We28used ‘LPC’ for spatial analyses and temporal analyses forStatistical analysis
For all analyses we used software of the R-Project, ver-
sion 3.6.3 (R Core Team, 2020). For testing normal distribu-
tion of ‘Radiance’ values, we used Shapiro Wilk tests. For
non-normally distributed data, we used Spearman correla-
tions, testing for correlation between ‘Radiance’ and ‘Year’
for the entire study region Berlin-Brandenburg (‘Radiance’
~ ‘Year’) to get a rough overview of the ALAN situation in
the entire region; and separately for the different areas Berlin
(‘Radiance Berlin’ ~ ‘Year’) and Brandenburg (‘Radiance
Brandenburg’ ~ ‘Year’), respectively.
We tested distribution of our response variables (‘SBL’;
‘eye diameter / SBL’ and ‘FWL / SBL’) by visualisation via
QQPlot with the R packages ‘carData’ (Fox, Weisberg &
Price, 2019) and ‘MASS’ (Venables & Ripley, 2002). With
normal distribution, fitting our data best, we ran linear
regression models for temporal analyses. We used ‘Radi-
ance’, ‘Year’ and ‘Sex’ as factors, tested the interaction
between ‘Year’ and ‘Radiance’ (Lm = ‘Trait’ ~ ‘Year’ *
‘Radiance’ + ‘Sex’), and did the same for testing ‘Light Pol-
lution Categories’ (LPC) (Lm = ‘Trait’ ~ ‘Year’*
‘LPC’ + Sex).
For spatial analyses we used one-way analyses of vari-
ance (ANOVA), separately for sexes, by using ‘LPC’ as
grouping variable (‘Trait’ ~ ‘LPC’). We used Pearson corre-
lations, testing for correlation between ‘SBL’ and ‘Year’
and between ‘eye diameter / SBL’ and ‘Year’, both sepa-
rately for males and females. For visualization, we used
ggplot2 with the R-package ggplot2 (Wickham, 2016).
Resultsfor the entire study region, Berlin-Brandenburg, was signifi-
cant (S = 31,308; rho = 0.619; p < 0.001), indicating a con-
tinuous increase of light pollution over time. This
correlation was equally significant for the sub-regions,
although the correlations were weaker; Berlin: S = 5505.6;
rho = 0.398; p = 0.013; and Brandenburg: S = 6664.1;
rho = 0.420; p = 0.006 (Fig. 2).
We detected no significant effect of ‘Radiance’ on any of
the investigated traits. However, body size differed between
sexes (Lm: df = 74; t = 4.070; p < 0.001) and changed
over years (Lm: df = 74; t = 2.402; p = 0.019). Size of both
sexes was significantly positively correlated with ‘Years’
(Pearson correlation: females: t = 2.687; df = 46;
R2 = 0.368; p = 0.010; males: t = 2.348; df = 29;
R2 = 0.400; p = 0.026), i.e. body size increased over time
but not in response to ‘Radiance’ (Fig. 3A). Likewise, rela-
tive eye size differed between sexes (Lm: df = 74; t = 7.757;
p < 0.001), and changed over years (Lm: df = 74;
t = 2.474; p = 0.016). Females’ eye size was significant
distracted by artificial light. Therefore, natural selection
should favour individuals that are less impacted by ALAN
Fig. 2. Radiance values taken from the light pollution maps for the year 2017 (www.lightpollutionmap.info), and back-calculated radiance
values for the years 1880 to 2010 for moth collecting sites from the Berlin-Brandenburg region, Germany. Significant p-values of Spearman
correlation are given in bold.
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t = 2.502; df = 46; R2 = 0.346; p = 0.016), whereas the
negative correlation in males’ eye size between ‘Years’ was
non-significant. Thus, females’ relative eye size decreased
over time but again, not in response to ‘Radiance’ (Fig. 3B).
Relative forewing length did not differ between sexes and
did not change over years (see Appendix B: Table 1).
We found no significant effect of ‘Light Pollution Catego-
ries’ (LPC) (‘high’; ‘medium’ and ‘low’) on any of the
investigated traits in our temporal analyses. However, there
was a trend for relative eye size (Lm: df = 74; t = 1.949;
p = 0.055), indicating smaller-eyed females in ‘medium’
and ‘high’ LPCs compared to ‘low’ LPCs (Fig. 4). The inter-
action between ‘LPC’ and ‘Year’ indicated also a trend (Lm:
df = 74; t = 1.988; p = 0.051), showing that increasing
‘LPCs’ across years have an influence on the trend of
decreasing eye size (see Appendix B: Table 2). We found
no significant effect in our spatial analysis. Body size, rela-
tive eye size and forewing length did not differ between
areas with ‘low’, ‘medium’ and ‘high’ light pollution cate-
gories. This absence of any effects was detected in males as
well as in females (see Appendix B: Table 3).
Discussion
Increasing artificial light at night (ALAN) is known to
have consequences on nocturnal moths, because they are29(Van Langevelde et al., 2011), what could lead to intraspe-
cific morphological trait changes.
In our study we focused on spatio-temporal changes in
body size, relative eye size and forewing length in the moth
Agrotis exclamationis in response to different ALAN levels
within the Berlin-Brandenburg area, Germany. We predicted
smaller-sized specimens with relatively shorter forewings
and smaller eye size in areas and times with high levels of
ALAN than in less impacted areas and times.
Generally, we observed that A. exclamationis displayed sex-
ual dimorphism in body and relative eye size, but not in fore-
wing length. Body size increased in both sexes, whereas relative
eye size decreased only in females over the past 137 years. Both
effects could not be verified as a direct response to ALAN.
However, we detected a trend towards smaller eye size in
females when ALAN levels increased over time. No changes
were observed in forewing length in both sexes over time, and
no differences occurred in any trait along the spatial gradient.
The lack of trait changes in response to increasing ALAN
across space and time was unexpected and needs explana-
tion. First, all of our specimens were captured with light
traps. Thus, our specimens may have shown a pronounced
flight-to-light behaviour, whereas we may have missed indi-
viduals with a reduced flight-to-light behaviour. Only a
light-independent collecting method like pheromone traps,
traps based on floral compounds (Toth et al., 2010) or mal-
aise traps (Hallmann et al., 2017) might clarify that point.
However, such vouchers were not available.
Another reason for the absence of effects in response to
increasing ALAN across time might be due to our study’s
timeframe. Although it is known that intraspecific morpho-
high during the economic boom in the 1920s (Ribbe et al.,
2002b), followed by a drastic decrease during World War II.
Furthermore, the spectral quality of ALAN changed over
Fig. 3. Morphological trait change in Agrotis exclamationis over years. (A) body size (SBL), and (B) eye diameter (eye diameter / SBL) over
the years 1880 to 2017 with red or light grey (females) and blue or dark grey (males) confidence intervals and smoothed regression lines from
linear models and Pearson correlation coefficients. Significant p-values are given in bold. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.).
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mental changes may arise across relatively short timeframes
in insects (Keinath et al., 2020; Van’t Hof, Edmonds, Dali-
kova, Marec & Saccheri, 2011), and even vertebrates
(Doudna & Danielson, 2015; Niemeier et al., 2020), most
evolutionary processes are depending on longer times than
our 137 years study period. However, in another moth intra-
specific behavioural adaptations in reduced flight-to-light
behaviour apparently already took place in urban areas
(Altermatt & Ebert, 2016); as a consequence, morphological
trait changes might follow.
A further reason for the lack of any light-driven trait
changes could be due to inaccuracy of our retrospectively
computed rates of ALAN. The further back the radiance cal-
culations reached, the less certain these values might be. For
instance, we based our calculations on the ass, umption of
continuous change. However, ALAN levels were already30time, due to the application of different light sources
(Gaston, Davies, Bennie & Hopkins, 2012; Kyba et al.,
2015). Finally, the accuracy of localities on labels and
thus our assignment of light intensity might have failed
to reach the necessary precision, as even on a relatively
small-scale light intensity can vary a lot (Kuechly et al.,
2012).
An indirect hint that increasing ALAN influences our
study species would be a decline in A. exclamationis’ abun-
dance over time in areas with high ALAN impact, and a sta-
ble population in less impacted areas. Unfortunately, such
data are not available. However, Conrad, Warren, Fox,
Parsons and Woiwod (2006) show a decline in A. exclama-
tionis across 35 years in lit areas of Britain, and discuss
increasing ALAN as one a responsible factor.
We believe that our assumptions of ALAN impacting our
study species are realistic. When examining changes in
response to Light pollution categories (LPC), we indeed found a
trend towards smaller-eyed females in ‘medium’ and ‘high’
This work was funded by the German Federal Ministry of
Education and Research BMBF within the Collaborative
Fig. 4. Mean diameter of right and left eyes in relation to Standard-
ized Body Size (eye diameter / SBL) over time (arrow) with differ-
ent light pollution categories (low, medium, high) of females
(reddish or light grey boxplots) and males (blue or dark grey box-
plots). Numbers within boxplots give sample sizes. (For interpreta-
tion of the references to color in this figure legend, the reader is
referred to the web version of this article.).
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than radiance values and could make changes more visible. We
interpret this trend as a first indicator that morphological trait
changes in response to ALAN are already taking place (com-
pare Van Langevelde et al., 2011).
However, it remains to be discussed why this trend was
only found in females and not in males. During our most
recent sampling, more females were captured than males.
This might be a hint that females are more sensitive to
ALAN. In contrast, Williams (1939) could show that male
A. exclamationis are significantly more often attracted by
light traps, making this explanation unlikely. Moreover, we
found a decrease in females’ eye size across time but not
verifiable in response to radiance values and not in males.
Male moths have larger eyes than females (Yagi &
Koyama, 1963) because they are depending on visual cues
for detecting females in near distance (Grant, 1987). The
change of male eye size might be opposed by other selection
pressures, i.e. less effective escape from predators and/or
mate detection. Females in Lepidoptera are indeed known to
be less dependant on their eyes for mating, instead females
use vision (amongst other senses) for host-plant detection
and oviposition (Bernays, 2001). Agrotis exclamationis is a
generalist and therefore depending on high sensory capacity
because they have to recognize and choose between broader31ranges on host-plants than specialists (Bernays & Wci-
slo, 1994; Dall & Cuthill, 1997; Levins &MacArthur, 1969).
Interestingly, Callahan (1957) shows that the noctuid moth
Heliothis zea seemed to be unable to recognize host-plants
for oviposition when artificially illuminated, probably
because light was reflected from green plants. Thus, in areas
with high ALAN levels females’ view on their host-plants
might be impacted, favouring selection for females with
smaller eyes which are less disrupted by ALAN. Addition-
ally, a change of plant composition due to human-estab-
lished plant species in our anthropogenically influenced
study area (Sukopp & Werner, 1983; Zerbe, Maurer,
Schmitz & Sukopp, 2002) could be a reason for females’
decrease in eye size probably due to a diluting effect of their
native, established host-plant species.
We also predicted body size and relative forewing length
to become smaller with higher ALAN levels because speci-
mens that are more mobile may encounter and consequently
become distracted by artificial light more often (Chai &
Srygley, 1990; Rutowski et al., 2009; Van Langevelde et al.,
2011). Our findings revealed increased body size in both
sexes over time, but not in response to ALAN. We found no
changes in forewing length in both sexes.
Merckx, Kaiser and Van Dyck (2018) demonstrate increas-
ing body size in macro-moths due to increasing habitat frag-
mentation in urban areas. Thus, over the 137 years covered
in our study, increasingly fragmented habitats due to urbani-
sation in Berlin Antrop (2000), and intensified agriculture in
Brandenburg (Cochrane & Jonas, 1999), could have
opposed the potential effects of ALAN. Interestingly, it has
been shown that attraction radii of streetlights overlap in
most cases, building barriers for moths (Degen et al., 2016).
Therefore, ALAN might have increased the fragmentation
of nocturnal habitats, also in our study area, limiting moth
dispersal, and thus, indirectly inducing changes in body size
but not in relative forewing length.
Our results revealed that trait and sex-depended changes
in A. exclamationis over the past 137 years in the Berlin-
Brandenburg region took place. However, these changes
could not be directly linked to increasing ALAN. Neverthe-
less, we assume trait changes to have been indirectly
induced by ALAN as a result of habitat fragmentation
(Degen et al., 2016) and females’ changed perception of
host-plants (Callahan, 1957). However, we found a trend
of sex-dependant changes in eye size which may be
directly related to different levels of light pollution, and
thus a first sign of light pollution driving morphological
trait change.
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Body sizes and dietary niche of two 
ground beetle species from urban and 
rural populations, tracked from 1900 
to today 
Silvia Keinath1;2, Johannes Frisch1, Johannes 
Müller1;2, Frieder Mayer1;2, Ulrich Struck1;3, 
Mark-Oliver Rödel1;2 
Increasing urbanisation and intensified 
agriculture lead to rapid transitions of 
ecosystems. Species persisting in changing 
environments may respond to these 
changes, for instance by altering morphology 
and biochemistry across space and/or time. 
Respective long-term data may be extracted 
from museum collections, combined with 
recent samples, covering areas with 
documented environmental changes. In our 
study we tested whether rural and urban 
populations of two ground beetle species, 
Harpalus affinis and H. rufipes, exhibit 
spatio-temporal intraspecific differences in 
body size and signatures of nitrogen and 
carbon stable isotopes in different tissues. 
We examined beetles, collected from the 
early 20th century until today, in the Berlin-
Brandenburg region, Germany, a region with 
increasing levels of urbanisation and 
intensified agriculture throughout the last 
century. Our results revealed no spatio-
temporal changes in body size in both 
species’ females. Body size of H. rufipes 
males decreased in the city whereas they 
remained constant in rural areas over time. 
We discuss whether our findings might be 
due to increasing urban heat or differences 
in activity pattern. Although nitrogen 
                                                          
1 Museum für Naturkunde, Leibniz Institute for 
Evolution and Biodiversity Science, Invalidenstr. 43, 
10115 Berlin, Germany 2 Berlin-Brandenburg Institute 
of Advanced Biodiversity Research – BBIB, Königin-
isotope ratios were mostly higher in species’ 
tissues from agricultural habitats, some 
reached the same enrichment in urban 
habitats. We assume that highly urbanised 
habitats exhibit similar nitrogen isotope 
ratios than agricultural ones. The carbon 
isotopic signatures did not differ in species 
between habitats, indicating no different 
energy bases. Our results show that 
increasing urbanisation and intensified 
agriculture are influencing species’ 
morphology and biochemistry. However, 
changes in morphology are species and sex 
specific. 
Keywords: Carbon; Harpalus affinis; Harpalus rufipes; 
Nitrogen; Spatio-temporal gradient; Stable isotopes. 
Introduction 
Human land-use, mostly for settlements and 
agriculture, is globally increasing (Bairoch and 
Goertz 1986; Antrop 2004). These changes 
lead to rapid transitions from natural to 
altered ecosystems (Hobbs et al. 2013; Jeltsch 
et al. 2013), which differ from natural systems 
in species compositions and/or functions, and 
are thus defined as novel ecosystems (Harris 
et al. 2006; Root and Schneider 2006; 
Ricciardi 2007). As a consequence of 
environmental changes, many native species 
disappear whereas non-native species may 
establish in novel ecosystems (Kenis et al. 
2009; Ziegler 2011). However, some species 
persist during and beyond the transition 
process (van´t Hof et al. 2011; Doudna and 
Danielson 2015), because they are able to 
cope with or adapt to new conditions (Cook 
and Saccheri 2013; Giraudeau et al. 2014). 
Unfortunately, in most cases it is not clear 
Luise-Str. 2-4, 14195 Berlin, Germany 3 Department of 
Earth Science, Freie Universität, Berlin, Malteserstr. 
74-100, 12249 Berlin, Germany 
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which traits enable species to persist 
(Palkovacs et al. 2011). Direct observations of 
behavioural, physiological or morphological 
trait change are usually difficult or impossible 
to get, due to extended time periods during 
which changes take place. However, this  
challenge might be bypassed by investigating 
preserved specimens in museum collections, 
using morphological traits as proxies for 
species’ ecological and physiological 
modifications (Rocha et al. 2014). These 
datasets might be complemented with recent 
samples to cover spatio-temporal gradients 
(van´t Hof et al. 2011; Doudna and Danielson 
2015; Keinath et al. 2020; Niemeier et al. 
2020). A useful morphological trait, indicating 
habitat quality, is body size (Niemelae et al. 
2002; Kotze and O´Hara 2003). Ectothermic 
animals, such as insects, may be impacted by 
environmental change to a larger extend than 
endotherms, because their development is 
directly depending on environmental 
temperatures. Higher temperatures may lead 
to faster larval development, earlier start of 
metamorphosis, resulting in smaller sized 
imagines (Atkinson 1994; Kingsolver and 
Huey 2008). Because cities are often 
displaying higher temperatures, so called 
urban heat islands, than their rural 
surroundings (Oke 1973), living in the city may 
lead to smaller sized insects (Kotze et al. 2011; 
Brans et al. 2017) (Fig. 1).  
Apart from morphological traits, 
biochemistry, i.e. stable isotope 
38 
 
compositions, reflect the living conditions of 
an individual (Peterson and Fry 1987). For 
instance, in plants and animals, carbon and 
nitrogen are each present with two stable 
isotopes, 13C/12C, and 15N/14N, respectively 
(Rosing et al. 1998). Whereas carbon isotope 
signatures provide information about the 
respective energy base of an animal’s diet 
(DeNiro and Epstein 1978; Ponsard and Arditi 
2000; Gratton and Forbes 2006), i.e. the 
proportion of C3 and C4 plants in the 
respective environments (Degens 1969; 
Schwarcz 1969), the nitrogen isotope 
composition provides information about the 
position of this individual in the food web 
(Birkhofer et al. 2011). In intensively managed 
agricultural landscapes, the application of 
chemical and biological nitrogen bearing 
fertilizers may also influence nitrogen isotopic 
composition (Freyer and Aly 1974; Shearer et 
al. 1974; DeNiro and Epstein 1980; Jenkinson 
2001). Thus, different 15N/14N ratio may 
indicate differences between intensively 
managed agricultural landscapes and less 
impacted habitats (Birkhofer et al. 2011). The 
composition of stable isotopes might also 
differ in different body parts and tissue types. 
Depending on the turnover time of different 
tissue types, it is possible to determine both, 
long-term and short-term dietary 
preferences. The isotopic signature of slow 
turnover tissues, like chitin of holometabolic 
insects, are described to represent the 
nutritive status of the larval stage, whereas 
tissues that turnover faster, like muscles, 
represent the dietary conditions of adults 
(Peterson and Fry 1987; Gratton and Forbes 
2006). Thus, analyses of stable isotopes from 
different tissues provide information if 
different stages of a species exploit different 
nutrient sources in different habitats, and 
may even reflect specimens’ dispersal from 
one into another habitat (Hood-Nowotny and 
Knols 2007; Schallhart et al. 2009).  
Among holometabolic insects, carabid 
beetles are often used to track environmental 
change (Thiele 1977; Sota et al. 2000) such as 
urbanisation (Sustek 1992; Weller and 
Ganzhorn 2003). For our study, we selected 
two carabid species, Harpalus affinis and H. 
rufipes that are common in the German 
Berlin-Brandenburg region and are well-
represented in the collection of the Museum 
für Naturkunde, Berlin, covering the past 125 
years.  
We hypothesize on the temporal scale that 
both species’ specimens are smaller in the 
city today than in the past (Fig. 1). On the 
spatial scale we hypothesize specimens of 
both species to be smaller in the city in 
comparison to rural specimens. Both 
predictions are based on the presumed 
response of developing beetles to urban heat 
islands (Kotze et al. 2011; Brans et al. 2017). 
Furthermore, we hypothesize body size to 
remain constant over time in both species 
when occurring in rural areas due to none or 
little temperature differences in these 
habitats through time (Oke 1973) (Fig. 1).  
We further hypothesize that higher 
enrichment of the heavy nitrogen isotopes in 
beetles occurring in agricultural in 
comparison to urban habitats reflect the use 
of fertilizers (Birkhofer et al. 2011). Stable 
carbon isotope composition is further 
predicted to differ between beetles occurring 
in agricultural and urban habitats as a 
consequence of different plant compositions 
(DeNiro and Epstein 1978; Ponsard and Arditi 
2000). Further, we hypothesize to observe 
intraspecific differences of isotopic signatures 
in different tissues of the beetles (Peterson 
and Fry 1987; Gratton and Forbes 2006) if 
adult beetles dispersed from larval habitats 
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into another habitat type (Hood-Nowotny 
and Knols 2007; Schallhart et al. 2009).  
Material and Methods 
Study region 
In the German Berlin-Brandenburg region, 
rapid environmental transitions occurred 
during the last century (Cochrane and Jonas 
1999). The city of Berlin is a fast-growing 
metropolis, whose population density 
increased during the 19th and 20th centuries, 
with a decline during both World Wars. The 
destruction of the city was followed by a 
phase of rapid reconstruction in the direct 
aftermath of the Second World War (Kratke 
2000), leading to a high level of urbanization 
today (Antrop 2000). Brandenburg, the 
German federal state surrounding Berlin, 
mostly consists of rural areas comprising near 
natural environments, as well as intensively 
used agricultural monocultures (Cochrane 
and Jonas 1999). 
Study species 
The ground beetle (Coleoptera, Carabidae) 
Harpalus affinis is widespread in Europe 
(Wrase 2004). It is a medium-sized (8.5-12 
mm), diurnal generalist of open habitats, 
predominantly feeding on weed seeds and 
occasionally on insect larvae (Townsend 
1992; Sunderland et al. 1995) with variable 
metallic colouration (Wrase 2004; Keinath et 
al. 2020). Adults are winged and volant, are 
spring breeders, and active between March 
and October, with the main activity period 
between May and June (Townsend 1992; 
Trautner 2017).  
Harpalus rufipes is widespread in the 
Palaearctic, medium sized (11-16 mm), 
predominantly nocturnal (Wrase 2004), and 
attracted by artificial light sources (Kegel 
1990; Szentkirályi et al. 2003). Adults are 
generalists in deforested habitats and tend to 
be granivorous (Bažok et al. 2007; Trautner 
2017). Larvae are omnivorous (Toft and Bilde 
2002). It is a summer breeder and active 
between April and October, with a maximum 
between July and August (Trautner 2017).  
Both species are eurytopic and encountered 
in open environments across a wide range of 
different habitats from arable fields 
(Sunderland et al. 1995; Harrison and 
Gallandt 2012), vineyards, grasslands 
(Trautner 2017); semi-natural (Anjum-Zubair 
et al. 2015) and less human impacted, near 
natural landscapes (Townsend 1992; Holec et 
al. 2006) to urban green spaces (Deichsel 
2006). In both species, males differ from 
females by wider tarsi of the pro- and 
mesothoracal legs (Lindorth 1945; Townsend 
1992).  
In total we examined 624 H. affinis (382 
males; 242 females), thereof 562 museum 
vouchers, collected between 1893 and 1998, 
and 62 recently collected specimens. In total, 
300 beetles were from Berlin and 324 from 
Brandenburg.  
We also examined in total 180 H. rufipes (97 
males; 83 females), thereof 86 museum 
vouchers, spanning the years 1892 to 1994, 
and 94 recently collected specimens, 62 
beetles were from Berlin and 118 from 
Brandenburg.  
Museum vouchers of both species from Berlin 
with available habitat information have been 
collected at roadsides, parks, dumpsites, 
garden plots, and ruderal sites. Vouchers 
from Brandenburg have been collected at 
meadows, forest edges, and arable 
landscapes.  
Recent specimens from Berlin of both species 
have been sampled at eight urban dry 
grassland sites in June and July 2017. 
Respective specimens from Brandenburg 
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originated from agricultural winter wheat and 
soy fields, as well as from fallow grass stripes 
in between fields. They were collected in the 
administrative districts Nordwestuckermark 
from May to June 2016, in the Uckermark in 
June 2017, and from May to July 2017 in 
Märkisch-Oderland. Recently sampled 
beetles were caught with pitfalls. All 
specimens are deposited in the collection of 
the Museum für Naturkunde, Berlin (Tab. B & 
C in supplementary material).  
Body length measurements  
Body length was measured with the aid of a 
dissecting microscope and a measuring ocular 
(Leica MS5), using a revolving table placed 
under the microscope to enable planar 
measurements of the pinned beetles. 
Standardized Body Length (SBL) 
measurements, following Kavanaugh (1979), 
comprised head length (distance from labium 
to vertex behind eyes), pronotal (maximal 
distance from anterior to posterior margin) 
and elytral length (sutural length; distance 
from anterior margin of the scutellum to 
posterior end of the elytra). Measurement 
errors (H. affinis: ± 0.06 mm; H. rufipes: ± 0.09 
mm) were determined by the mean accuracy 
of repeated measurements of a randomized 
chosen subset of 10 specimens per species. 
All measurements were taken by one person 
(SK) without prior knowledge of sex, region of 
origin, and habitat of the respective 
specimens (Tab. B & C in supplementary 
material).  
Stable nitrogen and carbon isotopic 
composition 
For stable nitrogen and carbon isotope 
analyses, we selected 20 recently collected 
specimens of each species. We examined 10 
specimens (5 males and 5 females) of H. 
affinis from nine dry grassland sites in Berlin, 
and the same number of specimens of H. 
rufipes from seven dry grassland sites in 
Berlin. Furthermore, we examined 10 
specimens of each species (each 5 males and 
5 females) from agricultural winter wheat 
fields and adjacent green strips from the 
Nordwest Uckermark (Tab. D1-6 in 
supplementary material).  
From all individuals we removed and 
weighted one milligram of each legs, cuticula, 
and thorax muscle tissues. The samples were 
dried in an oven at 40°C for 12 hours. Stable 
isotope analysis and concentration 
measurements of nitrogen and carbon of the 
respective samples were performed 
simultaneously with a THERMO Fisher 
Scientific Delta V isotope ratio mass 
spectrometer, coupled to a THERMO Flash EA 
1112 elemental analyser via a THERMO 
Conflo IV-interface, in the stable isotope 
laboratory of the Museum für Naturkunde, 
Berlin. Stable isotope ratios are expressed in 
the conventional delta notation (δ13C / δ15N) 
relative to atmospheric nitrogen (Mariotti 
1983) and VPDB (Vienna PeeDee Belemnite 
standard). Standard deviation for repeated 
measurements of lab standard material 
(peptone) was generally better than 0.15‰ 
for nitrogen and carbon, respectively. 
Standard deviations of concentration 
measurements of replicates of our lab 
standard were <3% of the concentration 
analyzed. From the H. affinis muscle samples, 
seven (2 agricultural; 5 urban individuals) 
comprised not enough material for analyses 
and were excluded.  
Data classification 
All beetles were classified by species, sex and 
origin. For body size analyses beetles with 
origin in Berlin were classified as coming from 
a ‘city area’, Brandenburg specimens were 
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classified as coming from a ‘rural area’. 
Beetles with body size data were partly 
connected to further, more detailed, habitat 
information (e.g. ruderal sites, dumpsites, 
edges of streets, parks, and agricultural 
habitats). Respective individuals were used 
for in depth habitat comparisons between 
‘urban habitats’ and ‘agricultural habitats’. It 
is suspected that old museum specimens of 
both species collected in the 19th century 
without any further sampling information 
except ‘Berlin’ on their labels were sampled 
at the periphery of Berlin. However, we 
assigned them to the category ‘city area’ 
because we assume already higher levels of 
urbanisation at the periphery of Berlin 
compared to its rural surroundings as 
described by Reif (2003).  
For temporal comparisons beetles classified 
in ‘city area’ and ‘rural area’ were used. 
Beetles of each category were assigned to 
one of three distinct time periods: 1892-1949, 
1957-1998 and 2016-2017. Time period 
classification was based on a combination of 
practical reasons (availability of sufficient 
numbers of beetles) and the history of 
urbanization and agricultural techniques in 
our study region (see Keinath et al. 2020).  
During the first time period (1892-1949), the 
Berlin-Brandenburg region was mainly 
impacted by the effects of the industrial 
revolution and First and Second World Wars 
(Ribbe et al. 2002a, b). Furthermore, Berlin 
expanded to “Groß-Berlin” in the 1920´s, 
resulting in rapid construction of buildings 
and streets (Buesch and Haus 1987). Then, 
the Berlin population was larger than ever 
(Ribbe et al. 2002b). Industrialisation and 
application of chemical fertilizer in intensified 
agriculture led to a first high level of 
environmental pollution (Pamme 2003; 
Erisman et al. 2008). During the second time 
period (1957-1998), the reconstruction of 
Berlin was finalized, the human population 
was, however, much below the pre-war 
conditions (Schildt and Sywotlek 1993, Ribbe 
et al. 2002b). By the end of the 1950s, first 
ideas of environmental protection became 
implemented politically (Pamme 2003), 
resulting in efforts to reduce the 
environmental pollution of the city 
(UNEP/WHO 1993; UBA 1998) and the 
application of chemical fertilizer in agriculture 
(Tilman et al. 2002; Erisman et al. 2008). 
Therefore, we treat this time period as an 
intermediate stage of environmental 
pollution. From 1999 to today the Berlin 
population continuously increased (United 
Nations 2018), and environmental 
protections became politically established 
(Pamme 2003). Whereas numerous museum 
specimens were available from the first two 
time periods, only few specimens were 
available from the most recent period. We 
therefore complemented the museum 
specimens by own samples (2016-2017) (Tab. 
B & C in supplementary material). 
Statistical analyses 
We used the R-Project, version 3.4.0 (R Core 
Team 2017) for all analyses. For visualisation 
of the results, we draw boxplots with the R-
package ggplot2 (Wickham 2016). For testing 
for normal distribution, we used Shapiro Wilk 
test. In further analyses we used the non-
parametrical Wilcoxon Rank Sum test for 
comparing Standardized Body Lengths (SBL) 
between sexes (females, males) ‘SBL~Sex’; 
areas (rural, city) ‘SBL~Area’, and habitats, 
(urban, agricultural) ‘SBL~Habitat’. For 
comparing SBL between the three time 
periods (1892-1949; 1957-1998; 2016-2017) 
for each area (rural, city), we used the non-
parametrical Kruskal-Wallis rank sum test, 
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‘SBL~Time Period’, and Dunn-test for single 
comparisons between the respective time 
periods with Bonferroni correction for 
multiple testing (dunn.test: Dinno 2017; FSA: 
Ogle et al. 2019). We further used Levene’s 
Test for testing variation of SBL between 
habitats, areas and time periods, the latter by 
using Bonferroni correction for multiple 
testing.  
For stable nitrogen (δ15N) and carbon (δ13C) 
isotopes comparisons of different tissues 
(cuticula, legs, thoracic muscles), between 
sexes ‘δ15N~Sex’; ‘δ13C~Sex’ and between 
agricultural and urban habitats 
‘δ15N~Habitat’; ‘δ13C~Habitat’ we used the 
non-parametrical Wilcoxon Rank Sum test. 
For comparing δ15N and δ13C isotopic 
enrichments between tissues either of 
agricultural or urban habitats ‘δ15N~Tissue’; 
‘δ13C~Tissue’, we applied the Kruskal-Wallis 
Rank Sum tests. We further used Levene’s 
Test for testing variation of stable nitrogen 
and carbon isotopes of the different tissues 
within the respective habitat and species.  
Results 
For body size and stable isotopes, we tested 
differences of medians to examine trait 
changes in space and time. We further tested 
variabilities to make assertions about traits’ 
consistence.  
Body size 
When testing medians, females were 
significantly larger than males in both species 
(Wilcoxon rank sum test: H. affinis: N = 624; p 
< 0.001; H. rufipes: N = 178; p < 0.001) (Tab. 
A1). Both species did not differ in their body 
size in both sexes between agricultural and 
urban habitats and between rural and city 
areas (Tab. A1; Fig. 2 & 3a, b). Likewise, body 
lengths of females in both species remained 
constant through the three time periods, 
both in rural and city areas (Tab. A1; Fig. 2c & 
3c). This was also the case for male H. affinis 
(Tab. A1; Fig. 2c) from rural habitats.  
 
Figure 2 Body lengths of Harpalus affinis 
from agricultural and urban habitats (a) and 
rural and city areas (b) of females (pink 
boxes) and males (blue boxes); females (c) 
and males (d) in rural (green boxes) and city 
(grey boxes) areas over time. Numbers 
within boxes indicate sample sizes, dotted 
brackets with stars indicate significant 
differences in variability of body size (* = p < 
0.05). 
In city areas, however, body lengths of H. 
rufipes males changed through time (Kruskal-
Wallis rank sum test; n = 41; p < 0.01) (Tab. 
A1; Fig. 3d). Male H. rufipes were equally 
large in 1892-1949 and 1957-1998 (Kruskal-
Wallis Dunn-Test; n = 29; Z = -0.934; p 
unadjusted = 0.350; p = 1), but in 2016-2017 
males were significantly smaller (1957-1998; 
Kruskal-Wallis Dunn-Test; n = 20; z = 2.620; p 
unadjusted = 0.009; p = 0.026; 1892-1949: 
Kruskal-Wallis Dunn-Test, n = 31; z = 3.022; p 
unadjusted = 0.003; p = 0.008).  
When testing the variability of body size of 
each sex per species between habitats, areas 
and areas over time, no differences in females 
of both species and males of H. affinis 
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between agricultural and urban habitats were 
found (Tab. A2). However, in H. rufipes males 
the variability of body sizes was significantly 
higher in urban compared to agricultural 
habitats (Levene’s test: n = 45; df = 43; F = 
5.391; p = 0.025; Tab. A2; Fig. 3a), and also 
significantly higher in city areas in comparison 
to rural areas (Levene’s test: n = 96; df = 94; F 
= 5.157; p = 0.025; Tab. A2; Fig. 3b).  
 
Figure 3 Body lengths of Harpalus rufipes 
from agricultural and urban habitats (a) and 
rural and city areas (b) of females (pink 
boxes) and males (blue boxes); females (c) 
and males (d) in rural (green boxes) and city 
(grey boxes) areas over time. Numbers 
within boxes indicate sample sizes, dotted 
brackets with stars indicate significant 
differences in variability of body size, drawn 
through brackets with stars indicate 
significant differences in body size (* = p < 
0.05; ** = p < 0.01). 
The variability of body size in both species’ 
sexes did not differ in rural areas over time, as 
well as in both species’ females and H. rufipes 
males in city areas over time. However, in H. 
affinis males the variability differed between 
time periods (Levene’s test; n = 68; df = 180; 
F = 0.281; p = 0.020; Tab. A2; Fig. 2d). The 
variability of male size in H. affinis was equally 
high in 1892-1949 and 1957-1998 (Levene’s 
test with Bonferroni correction; n = 163; p 
unadjusted = 0.366; p = 1) as well as between 
1957-1998 and 2016-2017 (Levene’s test with 
Bonferroni correction; n = 135; p unadjusted 
= 0.026; p = 0.079), but in 2016-2017 
variability significantly increased compared to 
1892-1949 (Levene’s test with Bonferroni 
correction; n = 68; p unadjusted = 0.013; p = 
0.038) (Fig. 2d).  
Stable Isotopes 
The stable nitrogen and carbon isotope 
composition within particular tissues of both 
species did not differ significantly between 
sexes (Tab. A3). For subsequent analyses we 
thus pooled the data of males and females of 
each species. Compared to urban habitats, δ 
15N was significantly higher in cuticula and 
legs of H. affinis from agricultural habitats 
(Wilcoxon rank sum test: cuticula: n = 10, p ≤ 
0.01; legs: n = 10; p ≤ 0.01) (Tab. A3; Fig. 4b). 
The nitrogen isotope signature of H. affinis 
muscles did not significantly differ between 
habitats (Tab. A3; Fig. 4b). Similarly, carbon 
isotope signatures from different tissues of H. 
affinis did not differ between agricultural and 
urban habitats (Tab. A3; Fig. 4d). In H. rufipes, 
15N was significantly enriched in cuticula, legs 
and muscles in beetles originating from 
agricultural habitats (Wilcoxon rank sum test: 
cuticula: n = 10, p > 0.05; legs: n = 10; p > 0.05; 
muscles: n = 10, p > 0.01) (Tab. A3; Fig. 4a). 
Stable carbon isotope signatures of H. rufipes 
tissues did not differ between beetles from 





Figure 4 Stable δ 15N and δ 13C (in ‰) in 
cuticula, legs, and muscles of Harpalus 
rufipes (a; c) and H. affinis (b; d) from 
agricultural (yellow boxes) and urban (grey 
boxes) habitats, numbers within box plots 
provide sample sizes, black brackets with 
stars indicate significant difference between 
stable isotope values in tissues between 
habitats, dotted bracket with star indicate 
significant differences in variability of stable 
isotope values in tissues between habitats (* 
= p < 0.05; ** = p < 0.01).  
By testing the variability of δ 15N and δ 13C 
values in different tissues of specimens, 
originating from agricultural or urban 
habitats, we found no differences for both H. 
affinis and H. rufipes. However, the variability 
of δ 15N values of H. rufipes muscles was 
significantly higher in urban compared to 
agricultural habitats (Levene’s test: muscles: 
n = 20; df = 18; F = 7.969; p = 0.011; Tab. A5; 
Fig. 4a). The comparison of nitrogen and 
carbon stable isotope signatures between 
cuticula, legs and muscles of specimens of 
both species either from agricultural or urban 





Man-made environmental changes can affect 
species’ traits which in reverse might enable 
species to persist through and beyond rapid 
transitions of environments. Such trait 
changes may occur across spatial and 
temporal gradients (van´t Hof et al. 2011; 
Doudna and Danielson 2015; Keinath et al. 
2020; Niemeier et al. 2020). Our study 
focussed on changes in body size and isotopic 
signatures of two ground beetle species, 
Harpalus affinis and H. rufipes. Both species 
are common in our study region where they 
persisted over the past 125 years despite 
profound environmental change in rural and 
urban habitats. 
Body size is often used as an indicator for 
habitat quality, and might provide 
information about habitat suitability across 
increasing urbanisation and agricultural 
intensity (Weller and Ganzhorn 2003; 
Sukhodolskaya 2013). In our study we 
hypothesized specimens of both species 
occurring in the city to be smaller than rural 
inhabitants. We further predicted body size of 
both species to decrease from the past to 
nowadays in the city, reflecting higher and 
increasing urban temperatures than in rural 
areas (Oke 1973; Tseng et al. 2018). 
We found no changes in body size in both 
sexes of H. affinis and H. rufipes’ females 
across space and time. However, we detected 
a decrease in H. rufipes males’ body size in the 
city across 125 years. Males of H. rufipes from 
city areas were significantly smaller recently 
(2016-2017) compared to specimens from 
former time periods (1892-1949; 1957-1998). 
In many taxa intraspecific variation of body 
size is known to be influenced by warmer 
environmental temperatures, primarily in 
ectotherms i.e. amphibians (Reading 2007), 
fish (Todd et al. 2008), and insects because 
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warmer environmental temperatures lead to 
shorter developmental times, resulting in 
smaller sizes at maturity (Atkinson 1994; 
Kingsolver and Huey 2008). Cities are known 
to exhibit higher temperatures than their 
rural surroundings, up to 10 degree (Oke 
1973). Temperatures are also known to 
increase with increasing levels of urbanisation 
(Tseng et al. 2018). Thus, higher and/or 
increasing temperatures within the city were 
assumed to result in smaller and/or 
decreasing body size in both species when 
occurring in city, like described for other 
arthropods (Kotze et al. 2011; Brans et al. 
2017). 
However, because we only found changes in 
male H. rufipes’ body size in the city across 
time and not in both species’ females, we 
assume increasing urban heat to be not the 
main driver for these changes. Moreover, 
urban heat would also have an effect on both 
species’ body size across space and would be 
visible in smaller sized specimens compared 
to specimens from rural areas. However, we 
did not detect any spatial intraspecific 
differences in body size between habitats 
(agricultural and urban) and areas (rural and 
city) in both species.  
Harpalus affinis and H. rufipes differ in their 
activity pattern: Harpalus affinis is diurnal 
whereas H. rufipes is predominantly 
nocturnal (Wrase 2004). Although there is a 
lack of studies of intersexual differences in 
mating behaviour in H. rufipes, an evidence 
for male-biased dispersal was found for 
another ground beetle species, Pterostichus 
oblongopunctatus (Lagisz et al. 2010). 
Generally, among insects, males expend most 
of their reproductive energy as mating effort, 
i.e. dispersal for finding new mates, while 
females show less mating effort because they 
expend more time and energy to parental 
effort, i.e. egg production (Thornhill and 
Alcock 1983). Furthermore, H. rufipes is 
known to be attracted by artificial light 
sources at night (Kegel 1990; Szentkirályi et 
al. 2003). Thus, living in the city might be a 
high risk for this species due to high numbers 
of artificial light sources, i.e. streetlights. 
During dispersal H. rufipes males might be 
distracted by artificial lights at night whereas 
females might be less impacted. Insect body 
size is also dealing as an indicator for dispersal 
ability (Dingle et al. 1980; Derr et al. 1981). 
Larger sized specimens are able to disperse 
over longer distances due to better flight 
conditions and larger wings (Dingle et al. 
1980; Davies 1984). Based on the increasing 
numbers of artificial light sources within the 
city of Berlin over the past 150 years as a 
result of increasing urbanisation (Eisenbeis 
and Hänel 2009; Kyba et al. 2017), larger sized 
males of H. rufipes might be deducted by 
artificial light sources because of their high 
dispersal abilities and become easy prey to 
predation or die due to exhaustion because 
they are unable to escape out of the light 
beam, like it was described for other 
nocturnal insects (Eisenbeis 2006; Manfrin et 
al. 2018). However, smaller males might be 
less affected by artificial light sources because 
of their less flight and dispersal abilities which 
might led to natural selection for smaller 
sized males in the city over time. Further it 
was shown by Crawley (1989) that larger body 
size within species promote success to 
disperse, but is offset by lower reproductive 
rates due to higher costs to be larger. Thus, 
smaller sized males of H. rufipes might have 
an adaptive advantage when occurring in the 
city. Additionally, it might explain why H. 
rufipes males stayed nearly constant in rural 
areas over the same timeframe. Rural areas 
are less impacted by artificial light sources 
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(Rich and Longcore 2006) resulting in a 
reduction of this selective pressure. 
Furthermore, it would also explain the high 
variation of H. rufipes males’ body size in 
urban habitats and city areas in space. Even 
cities exhibit habitats with less or no artificial 
light sources (Rich and Longcore 2006).  
According to that, the lack of any changes in 
body size of both sexes of H. affinis but the 
higher variability in males’ body size in the 
city nowadays (2016-2017) than in the past 
(1892-1949) might be explained by their 
diurnal activity. The city of Berlin exhibits 
more variable habitats nowadays, providing 
habitats from highly urbanised to huge 
greenspaces, than in the past due to its 
development to one of the greenest cities of 
Europe although it became one of the highest 
populated cities within the same time 
(Schewenius et al. 2014). Thus, different 
predation pressure might appear on H. affinis 
males depending on their need to disperse 
out of an insufficient habitat what might lead 
to high variability in body size.  
Our findings give a hint that different activity 
pattern of species and their sexes might play 
a role when adapting to altered 
environmental conditions. Our previous study 
indicates in Harpalus affinis a sex specific 
adaptation in colouration to urbanisation 
across the same timeframe (Keinath et al. 
2020), because it might be more depending 
on its colouration due to its diurnal activity. 
Stable isotopic signatures provide 
information about the living conditions of 
specimens, e.g. the position within the food 
web (Birkhofer et al. 2011) and/or the shift in 
the energy source of its diet (Hood-Nowotny 
and Knols 2007; Schallhart et al. 2009). We 
found higher nitrogen isotopic enrichments in 
both species when living in landscapes that 
are intensively used for agriculture than when 
living in urban habitats. Stable nitrogen 
enrichments might be higher in specimens 
because of their higher position within the 
food web (Birkhofer et al. 2011) or if its 
environment is highly enriched by nitrogen 
such as landscapes intensively used for 
agriculture due to the use of fertilizer (Freyer 
and Aly 1974; Shearer et al. 1974; DeNiro and 
Epstein 1980; Jenkinson 2001). Particularly, 
we found higher nitrogen isotopic signatures 
in all tissues of H. rufipes and in H. affinis’ 
tissues that represent nutritive signatures of 
larval stages (Peterson and Fry 1987; Gratton 
and Forbes 2006) from agricultural in 
comparison to urban habitats.  
Our findings might indicate that larvae of 
both species and adults of H. rufipes are 
feeding on different food sources when 
occurring in agricultural in comparison to 
urban habitats what might lead to a change in 
their position within food web (Birkhofer et 
al. 2011). However, it seems rather unlikely 
because of the high intensification of 
agriculture with application of fertilizer in our 
agricultural study sites. Thus, our findings 
rather suggest that higher environmental 
nitrogen enrichments have an influence on 
biochemistry in larval stages in both species, 
and in at least adult stages in H. rufipes due to 
intense application of fertilizer in our 
agricultural study sites. This effect was also 
described in a study of Birkhofer et al. (2011) 
and showed that nitrogen isotopic 
compositions in arthropods are increasing 
with the intensity level of agricultural land 
usage. However, in H. affinis’ tissues, 
representing adult stage, no difference in the 
stable nitrogen isotope composition of 
specimens from agricultural and urban 
habitats was found and might give hint that H. 
affinis dispersed into isotopically distinct 
habitats after larval development. Adults of H. 
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affinis might occur in urban habitats with high 
nitrogen isotope ratios that might be 
comparable to those of intense agricultural 
ones.  
This assumption might further be underlined 
by the higher variability of nitrogen isotope 
values in H. rufipes tissues, representing adult 
stages, in urban habitats compared to 
agricultural ones. Agricultural landscapes are 
homogenous environments because of their 
high amount of monocultures (Jongman 
2002) whereas urban environments exhibit 
heterogeneous structures i.e. parks, private 
gardens, ruderal areas and green stripes (Gill 
and Bonnett 1973; Lussenhop 1973; Tischler 
1973; Falk 1976). These heterogeneous 
structures are also variable in nitrogen 
enrichment (Pyšek 1995), depending on the 
degree of anthropogenic impact: Nearby 
streets, caused by automobile exhaust (Baker 
et al. 2001), the use of chemical fertilizer for 
maintaining lawns (Muchovej and Rechcigl 
1994), the ecosystem structure of the city and 
the deposit of excretions of pets in lawns and 
byways (Zhu et al. 2004).  
Increased nitrogen isotopic variability was 
also found in the European Common Frog 
when occurring in non-agricultural in 
comparison to agricultural landscapes within 
the Berlin-Brandenburg region (Niemeier et 
al. 2020). Thus, highly human induced 
habitats within the city might be also 
reflected in higher stable nitrogen isotopic 
enrichments within specimens’ tissues.  
Contrary to the effects we found for nitrogen 
isotopes, we found no significant differences 
in carbon signatures in both species’ tissues 
between agricultural and urban habitats. 
Thus, we are not able to make any additional 
assertion about dispersal of H. affinis 
between isotopically distinct habitats.  
However, in H. rufipes higher carbon isotope 
signatures were visible when occurred in 
agricultural in comparison to urban habitats. 
Although this effect was not significant, it 
might be explained by the higher proportion 
of C4 than C3 plants, like corn, in arable fields 
than in the city (Degens 1969; Schwarcz 
1969). However, because carbon isotope 
signatures provide information about the 
respective energy base of species food 
sources (DeNiro and Epstein 1978; Ponsard 
and Arditi 2000; Gratton and Forbes 2006), 
the absence of any significant differences 
might indicate that the energy base stayed 
the same in both habitats.  
Although agricultural environments are highly 
enriched by nitrogen, some urban habitats 
are assumed to have similar high nitrogen 
values like described by Pyšek (1995), what is 
reflected in species’ tissues. However, stable 
carbon isotope enrichments in our study 
species showed that their energy base did not 
differ between agricultural and urban habitats 
and beetles’ life stages (Gratton and Forbes 
2006). 
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Mark-Oliver Rödel 1,2
1 Museum für Naturkunde, Leibniz Institute for Evolution and Biodiversity Science, Berlin, Germany, 2 Berlin-Brandenburg
Institute of Advanced Biodiversity Research – BBIB, Berlin, Germany
Increasing anthropogenic environmental impacts lead to rapid transitions of ecosystems
and species. Species persisting in changing environments may respond to changes
by altering phenotypic traits across space and/or time. Here we tested whether the
frequencies of three color morphs in the ground beetle Harpalus affinis differed across
spatial and temporal gradients. The gradients extended from urban to rural regions, and
from the early twentieth century until today, in the Berlin-Brandenburg area, Germany.
Specimens comprised beetles from the entomological collection of the Museum für
Naturkunde, Berlin and recently collected material. As a result of differing environments,
we expected to observe differences in color frequencies in beetles between habitats and
across time, responding to different levels of urbanization. Our results revealed sexual
dichromatism inH. affinis as well as some habitat dependent differences in trait frequency.
Frequencies of color morphs remained generally constant in males across space and
time. Females likewise showed no differences in color frequencies between habitats,
urban and rural regions, and between different time periods in rural regions. In contrast
color morph frequencies changed in urban regions over time in females: Bronze color
decreased, whereas green color became more dominant over time. We assume that
bronze color was selectively advantageous in times with high levels of soot pollution in
the city, whereas green is more cryptic and thus advantageous in times with less polluted
air. The color change of females thus could have been driven by natural selection. In
contrast, the persistence of predominately green males through all times and habitats,
more likely can be explained by sexual selection.
Keywords: color, urbanization, novel ecosystems, museum collection, ground beetle, Harpalus affinis
INTRODUCTION
Increasing levels of urbanization and agricultural land use, mostly due to rapid population growth
(Bairoch and Goertz, 1986; Antrop, 2004), cause rapid environmental transitions from natural
to degraded or novel ecosystems and thus are of major ecological and socio-economic interest
(Hobbs et al., 2013; Jeltsch et al., 2013). Novel ecosystems are defined as systems that differ in their
(species) composition and/or function from present and past systems due to anthropogenic impacts
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such as land use and climate change (Harris et al., 2006; Root
and Schneider, 2006; Ricciardi, 2007). Due to human induced
environmental changes (Figure 1), the native fauna and flora
will be heavily impacted by habitat degradation, fragmentation,
and conversion, as well as the invasion of new species, and
the creation of new habitats (Ribera et al., 2001; Haila, 2002).
Consequently, many native species will be lost (Maas et al.,
2002; Brunk and Wiegleb, 2006; Kenis et al., 2009; Ziegler,
2011). However, there are some native species that persist
throughout these environmental transitions (Van’t Hof et al.,
2011; Doudna and Danielson, 2015). How these species deal
with the changing environments, especially if rapid transitions
triggered any changes in their phenotypes or if particular
(pre-)adaptations enable these species to persist, whilst other
species disappeared (Palkovacs et al., 2011), has been so far
mostly neglected.
Whereas changes in behavior and physiology usually cannot
be directly assessed over long time periods, certainmorphological
traits may be collected from time series of preserved specimens in
historical collections (Rocha et al., 2014; Doudna and Danielson,
2015). Morphological traits that are known to be influenced by
environmental conditions are body size (Sustek, 1992; McCabe
and Patridge, 1997; Ribera et al., 2001), body proportions
FIGURE 1 | History and anthropogenic impacts on environments in space and time in the German Berlin-Brandenburg area. Different habitat types nowadays in
space are reflected over time. Important events influencing environments are connected with the respective time period.
(Atkinson, 1994), including fluctuating asymmetry (Palmer and
Strobeck, 1992), and coloration (Schultz and Rankin, 1985).
These traits can be used as proxies for a species’ ecological
and physiological modification during its adaptation to a novel
ecosystems. The historical datasets can finally be completed
with recent samples to cover spatio-temporal gradients across
environmental transitions (Van’t Hof et al., 2011; Doudna and
Danielson, 2015).
Coloration is often related to background matching (Cott,
1940; Kettlewell, 1956; Endler, 1984, 1988; Storfer et al., 1999),
and represents a trait that may change due to urbanization
(Harrison and Garrett, 1926; Kettlewell, 1955, 1956; Clarke and
Sheppard, 1966; Bishop, 1972). Most colors, based on pigments,
fade after death (Doucet and Hill, 2009). By contrast structural
colors like multilayer reflectors, as often found in Coleoptera
(Parker, 1998; Noyes et al., 2007; Kinoshita et al., 2008), develop
during metamorphosis by secretion of thin parallel layers of
chitin by the epidermis and harden during sclerotization. One or
more colors will be produced by constructive interference if the
spacing of these layers approaches the wavelength of visible light
(Land, 1972). Because these colors are depending on structure
and not on pigments, they retain their properties under normal
museum conditions (Parker and McKenzie, 2003). This makes
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them a useful trait for spatial and temporal comparisons (Hadley
et al., 1988; Tyler, 2010).
One species that is characterized by multilayer reflectors and
occurs in three distinctly different metallic color morphs (Seago
et al., 2009) is the ground beetle Harpalus affinis. It is a well-
known insect species persisting in natural and modified habitats
such as agricultural fields (Sunderland et al., 1995), semi-natural
landscapes (Anjum-Zubair et al., 2015), natural landscapes
(Townsend, 1992), and urban green spaces (Deichsel, 2006).
The aim of this study was to investigate whether or not H.
affinis exhibit changes in frequencies of color morphs across
space (rural to urban and between different habitat types) and
time (past to now) in the Berlin-Brandenburg area of Germany.
This area is characterized by increasing levels of urbanization in
which rapid transitions, from near natural to novel ecosystems
occur(ed) (Cochrane and Jonas, 1999). The city of Berlin is a fast-
growing metropolis, whose expansion and population increase
started toward the end of the nineteenth century, including a
phase of rapid reconstruction in the direct aftermath of World
War II (Kraetke, 2000). This led to a high level of urbanized
habitats (Antrop, 2000). Berlin is surrounded by the German
federal state of Brandenburg, which, in contrast to Berlin,
mostly consists of rural landscapes with habitats ranging from
near natural to intensively managed agricultural monocultures
(Cochrane and Jonas, 1999). For our study species, we predicted
differences in color frequencies between urban, agricultural
and near natural habitats as well as between urban and rural
regions. We further predicted changes in color frequencies
in rural and urban regions over time, spanning the end of
the nineteenth century until nowadays. Color differences and
changes should emerge depending on the respective level of
land use and urbanization in the respective habitat, region
and time, responding in higher frequencies of dark morphs in
habitats and times with higher levels of urbanization and higher




The ground beetle Harpalus affinis (Schrank, 1781) (Coleoptera,
Carabidae) is a Palearctic species (Wrase, 2004). The medium-
sized (8.5–12mm), diurnal, predominantly phytophagous
species, is occasionally also preying on insect larvae (Townsend,
1992; Sunderland et al., 1995). Adults are winged and volant
(Townsend, 1992), and may occur in either of three metallic
color morphs: uniform metallic green, uniform bronze,
or a mixture of green and bronze body parts (Wrase,
2004; Figure 2). Males differ from females by wider tarsal
segments of the pro- and mesothoracic legs (Townsend,
1992; Loevei and McCambridge, 2002). Because this species
persisted in our study area over time, occurs in different
habitat types and different color morphs, and lastly is well
presented in the collection of the Museum für Naturkunde,
Berlin, it is a particularly well suited study species for our
research question.
FIGURE 2 | Photographs of the three Harpalus affinis color morphs “green,”
“bronze,” and “mixed,” from the collections of the Museum für Naturkunde,
Berlin. (A) (green ♀): Berlin, Prenzlauer Berg, Oderbruchkippe, 17, June 1972.
(B) (bronze ♂): Brandenburg, nature reserve Mallnow near Seelow, 24, August
1975. (C) (mixed ♀): Berlin, Prenzlauer Berg, Oderbruchberg, 24, August 1969.
Origin of Specimens
Museum Vouchers
In total 546 vouchers, deposited in the Coleoptera collection
of the Museum für Naturkunde, Berlin have been examined
for this study. They originate from the Berlin-Brandenburg
area, Germany, and span the years 1892–1998. Urban (Berlin)
beetles with habitat information available have been collected
at ruderal sites, dumpsites, roadsides, garden plots, and parks.
Vouchers from rural Brandenburg with habitat information
stem from meadows and forest edges (Appendix A in
Supplementary Material). For some vouchers only rough
information about their origin (Berlin or Brandenburg) were
available. These beetles were only used for comparisons between
regions and for temporal comparisons within regions and were
excluded from comparisons between specific habitat types.
Recently-Collected Specimens
In total 114 recently collected specimens were used for this
study. Specimens, collected in rural districts of Brandenburg
were originated from agricultural winter wheat and soy fields
and from fallow, grass strips in between these fields, located
in: Nordwestuckermark (May to June 2016), Uckermark (June
2017), Maerkisch-Oderland (May to July 2017), and on dry
grasslands in Blankenfelde-Mahlow of Teltow-Flaeming (June
to July 2017). Specimens from urban sites were collected
within the city of Berlin on 18 dry grassland sites (June to
July 2017; Appendix A in Supplementary Material). These
sites were comparable to sites from urban museum vouchers
because dry grassland sites were located in the midst of the
city. In general, due to classification into similar regions and
habitats, we made sure that habitat types of specimens nowadays
were comparable with those of vouchers from the collection.
Specimens were collected with pitfall traps by ourselves and by
cooperation partners.
Coloration Assessment
The colors of thorax and abdomen were assessed for females
and males separately. If the colors of both body parts were
Frontiers in Ecology and Evolution | www.frontiersin.org 3 January 2020 | Volume 7 | Article 525
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identical, we classified the respective individual as “green” or
“bronze.” When thorax and abdomen were differently colored,
we classified the specimen as “mixed.” Color categorization were
always assessed under the same light conditions and by the same
person, categories were unambiguous (Figure 2), and were made
blind as to the origin of the specimen.
Data Classification
A total of 660 ofH. affinis from the Berlin-Brandenburg area were
examined for this study: 546 from the collection of the Museum
für Naturkunde, Berlin, covering a 106 year time period (1892–
1998), 77 specimens collected in 2016 and 2017 from agricultural
winter wheat fields, soy fields and small green spaces in between
these fields in Brandenburg, and 37 beetles originated from urban
habitats in Berlin (Table 1).
Each H. affinis specimen was classified according to sex,
color, and origin. Specimens originated from the city of Berlin
were classified as “urban.” Beetles originated from its campestral
surrounding, Brandenburg, were classified as “rural.” These
classifications were used for observations between regions
and within regions over time. If habitat information of the
museum vouchers were available, specimens were used for
observations between different habitat types. Specimens from the
rural region, Brandenburg, were further classified as originated
from “agricultural landscapes” or, when sampled in protected
landscapes or nature conservation areas, as originated from “near
natural” habitats. Specimens from the urban region, Berlin, were
used for observations between habitats when further habitat
information were given that individuals were sampled in ruderal
sites, dumpsites, roadsides, garden plots or parks (Appendix A in
Supplementary Material).
For observations over time urban and rural, beetles were
divided into three time periods from 1892 to 1949, 1957 to
1998, or 2016 to 2017. No sampling material was existing for
times from 1999 to 2015, therefore this time period could
not be included. Time period classification was based on
a combination of practical reasons (availability of sufficient
numbers of beetles) and biological relevance. During the first
time period, the Berlin-Brandenburg area was mainly impacted
by the effects of industrial revolution and the First and Second
World War. Numerous newly established factories resulted
in intense air pollution in Berlin (Wey, 1982; Ribbe et al.,
2002a,b). Due to the development of the Haber-Bosch process
for fixing nitrogen in the 1920’s (Erisman et al., 2008), chemical
fertilizers were for the first time applied in large quantities.
These developments led to a high level of environmental
pollution at that time without attempts of environmental
protection (Pamme, 2003). Furthermore, Berlin was expanded
to “Groß-Berlin” in the 1920’s, population size exceeding the
current state and leading to rapid construction of buildings
and infrastructures (Buesch and Haus, 1987). During the
period from 1957 to 1998, Berlin’s reconstruction after World
War II was finalized (Schildt and Sywottek, 1993). At the
end of the 1950’s, first measures concerning environmental
protection were implemented (Pamme, 2003), resulting in
decreasing emissions of air pollutants (UNEP/WHO, 1993;
UBA, 1998), and reduced application of chemical fertilizers
in the surroundings of the city (Tilman et al., 2002; Erisman
et al., 2008). Therefore, this time period can be considered
TABLE 1 | Total number of Harpalus affinis investigated for this study.
Total 660
Sex Females Males
Total per sex 267 393
Color morphs Green Bronze Mixed Green Bronze Mixed
All 137 59 71 237 129 27
Spatial Region Berlin (urban) 61 27 28 102 60 15
Brandenburg (rural) 76 32 43 135 69 12
Habitat Urban 18 5 6 27 12 4
Agriculture 21 7 6 18 14 3
Near natural 9 4 6 25 9 2
Temporal Urban over time Berlin 1892–1949 11 13 5 24 15 2
1957–1998 42 13 20 64 37 10
2016–2017 8 1 3 14 8 3
Rural over time Brandenburg
1892–1949
17 7 15 26 20 2
1957–1998 37 18 18 88 35 7
2016–2017 22 7 10 21 14 3
For analyses, specimens were allocated according to sex, coloration (green, bronze, mixed), regions (Berlin, Brandenburg), habitats (urban, agricultural, and near natural), and time
(three periods in between the time from 1892 to 2017).
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as an intermediate stage of environmental pollution due to
urbanization between time period one and today. From 1999
to today, the human population within Berlin has been again
steadily increasing (United Nations, 2002), but air pollution,
mostly due to soot, decreased since industrialization because of
environmental protection measures (UNEP/WHO, 1993; UBA,
1998; SenStadtWohn, 2018).
Statistical Analyses
For statistical analyses, every beetle was tagged by region (urban,
rural), habitat type (urban, agricultural, near natural), time
period (1892–1949, 1957–1998, 2016–2017), and color (green,
bronze, mixed). We used the R- Project, version 3.4.0 (R Core
Team, 2017) with the package RVAideMemoire (Hervé, 2013).
For the analysis of the differences between color composition
between habitats, regions and regions over time, the G-test of
independence was used (see Forsman and Shine, 1995; Cahan
et al., 2002). To examine if there were differences in color
frequencies between different habitats, regions and time periods
of a region, and to investigate if there were frequency differences
of colors within the same habitat, region and time period
per region, the pairwise G-test with Bonferroni correction for
multiple testing was used.
RESULTS
Across all vouchers, we observed significant differences in the
frequencies of color morphs between sexes (G = 15.505, df =
2, p < 0.001). Females showed significantly more often “mixed”
colors than males (p < 0.001). The frequencies of “green” and
“bronze” colors did not differ between sexes. Significantly more
females were “green” compared to “bronze” (p = 0.002) or
“mixed” (p= 0.019).Males likewise weremore often “green” than
“bronze” (p = 0.014) or “mixed” (p < 0.001). “Bronze” males
occurred more often than “mixed” (p < 0.001) ones (Figure 3).
Both sexes also partly exhibited different frequencies of color
morphs with regard to habitat type, region and region over time.
In females we observed no differences in coloration between
urban, agricultural and near natural habitats (G = 4.8017; df =
4, p = 0.308). However, in urban habitats “green” dominated
over “bronze” (p < 0.001) and “mixed” (p < 0.001) ones. In
agricultural habitats frequencies of “green” were higher than
“bronze” (p < 0.001) and “mixed” ones (p = 0.002). In near
natural habitats “green” were more frequent than “bronze” (p =
0.004) ones (Figure 4A).
We observed no difference in female coloration between
urban and rural regions (G = 0.65073, df = 2, p = 0.722). In
urban regions, “green” dominated over “bronze” (p= 0.002) and
“mixed” (p= 0.003) ones. In rural regions frequencies of “green”
were higher than “bronze” (p= 0.001) ones (Figure 4B).
We found no changes in female coloration in rural regions
over time (G = 6.0192, df = 4, p = 0.198). From 1892 to
1949 “green” (p = 0.002) and “mixed” (p = 0.021) dominated
over “bronze” ones. From 1957 to 1998 “green” dominated over
“bronze” (p= 0.005) and “mixed” (p= 0.008) ones. From 2016 to
2017 “green” were more frequent than “bronze” (p < 0.001) and
“mixed” (p= 0.002) ones (Figure 4C).
FIGURE 3 | Percentage of different color morphs in female and male Harpalus
affinis; significant color differences between sexes are indicated by stars (***p
< 0.001); significant differences between color morphs within a sex are
indicated by differing letters.
In contrast, we observed significant differences in female
coloration in urban regions over time (G = 42.03, df = 4, p <
0.001). This concerned comparisons between time periods from
1892 to 1949 and from 1957 to 1998 (p < 0.001), and from 1892
to 1949 and from 2016 to 2017 (p < 0.001). “Green” were more
frequent from 2016 to 2017 than from 1892 to 1949 (p < 0.013).
“Mixed” color frequencies remained constant across the three
time periods. “Bronze” colors were more frequent from 1892 to
1949 than from 1957 to 1998 (p < 0.001) and from 2016 to 2017
(p< 0.001), but did not differ between 1957–1998 and 2016–2017
(Figure 4D).
In males we observed no coloration differences between
urban, agricultural and near natural habitats (G = 7.532, df =
4, p = 0.110). However, in urban habitats “green” were more
abundant than “bronze” (p < 0.001) and “mixed” (p < 0.001),
and “bronze” were more frequent than “mixed” (p < 0.001) ones.
In agricultural habitats the frequencies of “green” and “bronze”
did not differ, but “green” (p < 0.001) and “bronze” (p < 0.001)
were more abundant than “mixed” ones. In near natural habitats
“green” were more frequent than “bronze” (p < 0.001) and
“mixed” (p < 0.001), and “bronze” were more frequent than
“mixed” (p= 0.001) ones (Figure 5A).
We observed no differences in male color morph composition
between urban and rural regions (G = 0.98696, df = 2, p =
0.912). In urban regions “green” males were more frequent than
“bronze” (p= 0.025) and “mixed” (p < 0.001) ones and “bronze”
were more frequent than “mixed” (p < 0.001) ones. In rural
regions the frequencies of “green” was higher than “bronze” (p=
0.005) and “mixed” (p< 0.001); and “bronze” weremore frequent
than “mixed” (p < 0.001) ones (Figure 5B).
No changes were found in male coloration in rural regions
over time (G = 6.9052, df = 4, p = 0.141). From 1892 to 1949
frequencies of “green” and “bronze” did not differ, but both
morphs were more frequent than “mixed” (p < 0.001) ones.
From 1957 to 1998 “green” were more frequent than “bronze”
(p < 0.001) and “mixed” (p < 0.001), and “bronze” were more
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FIGURE 4 | Percentage of female Harpalus affinis color morphs in different habitat types (A), regions with different urbanization level (B), and within a particular region
during different time periods (C,D); different letters indicate significant differences in frequencies of the three color morphs; brackets with stars indicate significant
difference between time periods (*p < 0.05; ***p < 0.01).
frequent than “mixed” (p < 0.001) ones. From 2016 to 2017
the frequencies of “green” and “bronze” did not differ, but both
morphs were more frequent than “mixed” (p < 0.001) ones
(Figure 5C).
We further observed no changes in male coloration in urban
regions over time (G = 3.4427, df = 4, p = 0.487). From 1892
to 1949 the frequencies of “green” and “bronze” did not differ,
but both were more frequent than “mixed” (p < 0.001) ones.
From 1957 to 1998 “green” dominated over “bronze” (p= 0.025)
and “mixed” (p < 0.001), and “bronze” were more frequent than
“mixed” (p < 0.001). From 2016 to 2017 “green” dominated over
“bronze” (p = 0.030) and “mixed” (p < 0.001), and “bronze”
dominated over “mixed” (p < 0.001) ones (Figure 5D).
In summary frequencies of color morphs were different
between sexes. The most frequent male color morph in males was
“green,” followed by “bronze,” and “mixed.” This pattern of color
morph frequency was similar in every habitat, region and regions
over time. In females the most frequent color morph was “green”
as well, followed by “mixed” and “bronze.” This applied to every
habitat, region and in rural regions over time. However, in urban
regions over time, frequencies of “bronze”morphs proportionally
decreased, whereas the “green” morph increased over time.
DISCUSSION
Environmental alterations can lead to trait changes in species
persisting in their altered habitats, and these changes can
be observed across space and time (Van’t Hof et al., 2011;
Doudna and Danielson, 2015). Our study focused on changes in
frequencies of color morphs in the diurnal ground beetle species
Harpalus affinis in the Berlin-Brandenburg area, Germany,
an area experiencing increasing urbanization and agriculture
intensification during the last 125 years, with heavy air pollution
in the early twentieth century due to industrialization, but with
decreasing levels of air pollution after the Second World War
(UBA, 1998). Generally, we observed that H. affinis displayed
sexual color dimorphism. In females the frequencies of color
morphs changed in urban regions over time, resulting in a
decrease of “bronze,” and an increase of “green” color morphs
whereas color frequencies remained nearly constant in rural areas
over time as well as between regions and habitats. In contrast,
males were displaying no differences or changes in their color
frequencies, neither in urban and rural regions over time, nor
between regions and habitats. In general “green” was the main
color morph in H. affinis. It was the most frequent color morph
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FIGURE 5 | Percentage of male Harpalus affinis color morphs in different habitat types (A), regions with different urbanization level (B), and within a particular region
during different time periods (C,D); different letters indicate significant differences in frequencies of the three color morphs.
in males in every observed habitat, region and regions over time
as well as in females in habitats, regions, and rural regions over
time. Generally, “green” is the most common multilayer color in
beetles and has been hypothesized to have an important function
in crypsis, e.g., to match substrates (Crowson, 1981; Parker,
1998). “Green” color seems to be the most advantageous color
in a variety of habitats.
Although, “green” was shown to be the main color morph in
H. affinis, in our first time period from 1892 to 1949, females
in the city were more frequently “bronze” than “green.” In the
later time periods, 1957–1998 and 2016–2017, the frequencies
of “bronze” decreased, whereas frequencies of “green” increased,
becoming the most frequent color morph, as observed in males
and rural females. The most likely explanation of this early
urban deviation from the predominating color frequencies is
habitat alternation in that time. The time from 1892 to 1949 was
influenced by the effects of industrial revolution and the city of
Berlin was affected by a high level of air pollution, especially by
soot (Wey, 1982). In addition, Berlin rapidly expanded its urban
space during that time period, resulting in rapid construction of
buildings and streets (Buesch and Haus, 1987).
These changes might have resulted in natural selection for
“bronze” color morphs. The selective advantage for a species
to be polychromatic lies in the ability to be cryptic in different
habitats: “Green” morphs in green environments are less visible
for predators than other color morphs, living in the same habitat
(Thiele, 1977).
However, in less green habitats like heath lands (Thiele,
1977) or habitats with less vegetation like urban environments,
“bronze” color morphs may be better camouflaged than “green”
ones. Birds are the main predators of ground beetles (Larochelle,
1980) and due to their excellent visual capabilities (Goldsmith,
2006) able to distinguish between both of the color morphs. This
may have led to a selection for the “bronze,” the least conspicuous,
color morph in such soot polluted urban and vegetation-sparse
habitats. Here the “bronze” beetles presumably were experiencing
less predation pressure than “green” specimens (Thiele, 1977;
Endler, 1988).
During the second time period, 1957–1998, first initiatives
concerning environmental protection started (Pamme, 2003),
and air pollution due to industrial soot commenced to decrease
(UNEP/WHO, 1993; UBA, 1998), a process that continued until
the most recent study period, 2016–2017 (SenStadtWohn, 2018).
With decreasing pollution, “bronze” color morphs could have
become again more conspicuous than the “green” morphs, the
frequencies of both morphs consequently reversing over time.
Frontiers in Ecology and Evolution | www.frontiersin.org 7 January 2020 | Volume 7 | Article 525
60
Keinath et al. Color Frequency in a Beetle
Such fast changes in color frequencies due to predation pressure
are well known in insect populations. Prominent examples
concern environmental melanism (Harris, 1988), in the Two-
spot Ladybird Adila bipunctata (Lusis, 1962; Creed, 1966), or the
Peppered Moth, Biston betularia, the latter being a classic case
of industrial melanism with reversions to whitish gray morphs,
following reduction of air pollution (Kettlewell, 1955, 1956;
Clarke and Sheppard, 1966; Bishop, 1972). Industrial melanism
in polluted urban areas was observed in the twenties in England
(Harrison and Garrett, 1926; Mokyr, 2010), a time period similar
to our first time period and thus backing our interpretation of the
predominant “bronze” colors in female beetles during that time.
In contrast, “green” remained the most frequent color morph
in our first time period in rural regions, presumably less
affected by construction works and pollution (Wey, 1982) so that
“bronze” color morphs stayed more conspicuous and therefore
more prone to predation in these regions, predominantly
consisting of agricultural and near natural environments. Similar
observations of color change in heavily air polluted regions
only, changes being absent in less polluted regions, have been
reported for Biston betularia by Bishop (1972). These findings are
underlining our assumption that deviation in color frequencies
in the first time period could be resulted due to effects of
industrialization. Unfortunately, we do not have vouchers of
H. affinis, predating 1892 in order to test if females of the
Berlin population had been predominately “green” prior to
urbanization. The dominance of that color morph in all other
time periods and habitats however, is a strong argument for
that assumption.
In contrast to females, we did not observe any habitat or
time related changes in color frequencies in males, “green”
always being the dominant color morphs. Although ecological
and behavioral observations in beetles are comparatively
rarely published (Seago et al., 2009), intraspecific differences
in coloration suggests their potential role in intraspecific
communication, like sexual signaling. Osawa and Nishida (1991)
show that male elytral color is an important factor in female
mate selection in the ladybird beetleHarmonia axyridis. Likewise,
Arrow (1951) and Vulinec (1997) suggested that the iridescent
surface of particular dung beetle males is preferred by females.
Sexual selection by female choice could also be the reason for
male H. affinis to remain predominantly “green,” even in a
polluted environment, if females more likely choose “green”
males for mating. Then despite a higher predation risk males
should remain “green” even in times with high levels of air
pollution. Such tradeoff between mating success and survival
is also described by Nokelainen et al. (2012) for the Wood
Tiger Moth, Parasemia plantaginis: Here yellow color morphs
provide better protection from predators due to aposematic
coloration than the white morph. However, white males have
higher mating success. In some birds, coloration has shown
to be a signal of male quality (Hamilton and Zuk, 1982;
Hill, 1991), and female mate choice is hypothesized to be
an important selective driver toward brilliant colors in males
(Darwin, 1874; Andersson, 1994; Hill, 2006). Similarly, other
traits which should be eliminated by natural selection, are often
favored by females’ selection, like huge antlers or horns in
various mammals or huge and elongated trails in peacocks
(Darwin, 1874).
Due to limitation of the dataset and the sexual dichromatism
found in H. affinis, specimens had to be divided into sexes
before observing differences and changes in space and
over time. This made sample sizes lower and influenced
robustness of our findings. Alternative explanations for
sex-specific differences in color adaptability in changing
environments could be differences in behavior, different
food preferences or living in different habitats. However, we
have no hints that any of such differences exist and sexual
dichromatism, found in H. affinis, is addition underlining
our theory that sexual selection is the main driver of
this effect.
CONCLUSIONS
In our study we could show a sexual dichromatism in
H. affinis and we observed different, sex specific drivers
for selection on color morphs. The appearance of “bronze”
colored females during times of rapid urbanization and heavy
environmental pollution is most likely due to natural selection.
In contrast, males maintained their predominant “green” morph,
presumably due to sexual selection. Further we could show
that structural coloration is a useful trait for testing trait
changes in species persisted in altered environments over space
and time. Our results suggest that structural colorations may
be able to change and reverse with changing environmental
conditions within the relatively short time frame of 125 years or
even less.
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Figure A Different morphological measures taken from Agrotis exclamationis: Standardized 
body size (SBL) comprising head length (HL), tibia length (TL), and abdominal length (AL). For 
the latter we summed up all single segment measures (S1-10); horizontal diameter of eyes 




Table 1B Temporal effects of Radiance, Year, their interaction and Sex on Agrotis 
exclamationis‘. Standardized body size (SBL); Mean diameter of the right and left eyes in ratio 
to SBL (eye diameter / SBL); and mean lengths of the right and left forewing in ratio to SBL 
(FWL / SBL). Linear models were used. Significant p-values are given in bold. 
Dependent variable Independent variable df t-value p-value 
SBL Radiance 74 -0.840 0.959 
Year 74 2.402 0.019 
Sex 74 -4.070 <0.001 
Radiance * Year 74 0.961 0.340 
Eye diameter / SBL Radiance 74 0.538 0.592 
Year 74 -2.474 0.016 
Sex 74 7.757 <0.001 
Radiance * Year 74 -0.521 0.603 
FWL / SBL Radiance 73 0.581 0.563 
Year 73 -1.821 0.073 
Sex 73 -0.351 0.727 
Radiance * Year 73 -0.576 0.566 
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Table 2B Temporal effects of Light Pollution Categories (LPC), Year, their interaction and Sex 
on Agrotis exclamationis‘ Standardized body size (SBL); Mean diameter of the right and left 
eyes in ratio to SBL (eye diameter / SBL); and mean lengths of the right and left forewing in 
ratio to SBL (FWL / SBL). Linear models were used. Significant p-values are given in bold; nearly 
significant p-values, showing a trend, are marked in grey. 
Dependent variable Independent variable df t-value p-value 
SBL LPC 74 0.171 0.581 
Year 74 1.486 0.141 
Sex 74 -4.214 <0.001 
LPC * Year 74 0.202 0.841 
Eye diameter/ SBL LPC 74 -1.949 0.055 
Year 74 -3.034 <0.010 
Sex 74 8.227 <0.001 
LPC * Year 74 1.988 0.051 
FWL / SBL LPC 73 -0.813 0.419 
Year 73 -1.884 0.064 
Sex 73 -0.094 0.926 
LPC * Year 73 0.857 0.394 
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Table 3B Spatial effects of Light Pollution Categories (LPC) on Agrotis exclamationis‘ sexes. 
Standardized body size (SBL); Mean diameter of the right and left eyes in ratio to SBL (eye 
diameter / SBL); and mean lengths of the right and left forewing in ratio to SBL (FWL / SBL). 
Analyses of variance (ANOVA) were used. 
Dependent variable Grouping variable Sex df F-value p-value 
SBL LPC male 2 0.479 0.625 
female 2 1.337 0.273 
Eye diameter / SBL LPC male 2 0.387 0.676 
female 2 1.842 0.170 
FWL / SBL LPC male 2 0.012 0.988 






Table 1C Sample areas within Berlin or Brandenburg of Agrotis exclamationis specimens with sex (f = female; m = male), districts, sampling year, 
GPS coordinates (latitude; longitude), Rate of light pollution change over 7 years in %, Radiance values in 10-9 W / cm2 * sr, light pollution 
categories (LPC), measurements of standardized body size in mm (SBL), mean diameter of right and left eyes in relation to SBL (Dia eyes / SBL), 
and mean length of right and left forewings (FWL / SBL).  
ID Region Sex District Year Latitude Longitude Rate of change Radiance LPC SBL Dia eyes/SBL FWL/SBL 
1 Berlin f Berlin 1885 52,52233 13,40553 24,89 0,61 medium 19,12 0,122 0,881 
2 Berlin f Spandau 1901 52,5349 13,20225 1,51 21,01 high 18,32 0,128 0,860 
3 Berlin f Spandau 1901 52,5349 13,20225 1,51 21,01 high 18,60 0,122 0,855 
4 Berlin f Berlin Friedrichsfelde 1973 52,51403 13,45403 11,61 11,77 high 19,94 0,113 0,820 
5 Berlin f Kladow in Spandau 1973 52,45305 13,1426 7,96 3,83 high 20,00 0,115 0,863 
6 Berlin f Kladow in Spandau 1973 52,45305 13,1426 7,96 3,83 high 17,54 0,133 0,881 
7 Berlin f Tierpark Berlin 1974 52,50261 13,53099 5,81 8,22 high 17,76 0,114 0,859 
8 Berlin f Spandauer Forst West 2017 52,4435 13,50203 no 1,46 medium 20,16 0,112 0,809 
9 Berlin f Gewerbegebiet Nähe Flughafen Johannisthal 2017 52,4144 13,09478 no 14,83 high 18,76 0,127 0,869 
10 Berlin f Glienicker Volkspark, Wannsee 2017 52,4144 13,09478 no 6,28 high 19,84 0,116 0,759 
11 Berlin f Glienicker Volkspark, Wannsee 2017 52,49318 13,28564 no 6,28 high 20,40 0,105 0,794 
12 Berlin f Grunewald-Süd 2017 52,49318 13,28564 no 21,22 high 20,42 0,115 0,847 
13 Berlin f Grunewald-Süd 2017 52,50323 13,58062 no 21,22 high 19,78 0,118 0,854 
14 Berlin f Kaulsdorf 2017 52,45824 13,49718 no 16,96 high 21,38 0,113 0,692 
15 Berlin f Königsheide/Kanal 2017 52,53551 13,3841 no 13,98 high 19,56 0,118 0,826 
16 Berlin f Nordbahnhof 2017 52,53551 13,3841 no 30,93 high 22,50 0,102 0,758 
17 Berlin f Nordbahnhof 2017 52,57234 13,15864 no 30,93 high 21,18 0,109 0,744 
18 Berlin f Tegeler See 2017 52,56864 13,25664 no 2,28 high 20,70 0,111 0,838 
19 Berlin f Tegeler See 2017 52,56864 13,25664 no 2,28 high 20,76 0,119 0,819 
20 Berlin f Tegeler See 2017 52,56864 13,25664 no 2,28 high 19,94 0,109 0,803 
21 Berlin f Tiergarten 2017 52,51750 13,36482 no 42,43 high 19,38 0,111 0,906 
22 Berlin f Tiergarten 2017 52,51750 13,36482 no 42,43 high 20,48 0,112 0,789 
23 Berlin f Tiergarten 2017 52,51750 13,36482 no 42,43 high 20,56 0,118 0,737 
24 Berlin f Tiergarten 2017 52,51750 13,36482 no 42,43 high 19,74 0,115 0,816 




ID Region Sex District Year Latitude Longitude Rate of change Radiance LPC SBL Dia eyes/SBL FWL/SBL 
26 Berlin m  Buch 1960 52,63428 13,49757 2,96 10,74 high 15,50 0,159 1,003 
27 Berlin m  Kladow in Spandau 1973 52,45305 13,1426 7,96 3,83 high 17,88 0,138 0,875 
28 Berlin m  Pfaueninsel 1974 52,43461 13,12921 27,94 0,14 low 16,36 0,155 0,987 
29 Berlin m  Rosenthal 1975 52,59985 13,37776 5,36 7,12 high 18,44 0,131 0,767 
30 Berlin m  Rosenthal 1975 52,59985 13,37776 5,36 7,12 high 17,68 0,128 0,860 
31 Berlin m  Jungfernheide 2010 52,56416 13,26363 14,18 3,57 high 15,06 0,150 0,936 
32 Berlin m  Jungfernheide 2010 52,56416 13,26363 14,18 3,57 high 15,88 0,152 0,904 
33 Berlin m  Spandauer Forst 2017 52,4435 13,50203 no 1,46 medium 21,54 0,118 0,787 
34 Berlin m  Gewerbegebiet Nähe Flughafen Johannisthal 2017 52,45824 13,49718 no 14,83 high 21,50 0,129 0,721 
35 Berlin m  Königsheide/Kanal 2017 52,45824 13,49718 no 13,98 high 20,18 0,120 0,768 
36 Berlin m  Königsheide/Kanal 2017 52,53551 13,3841 no 13,98 high 19,60 0,124 NA 
37 Berlin m  Nordbahnhof 2017 52,47835 13,35606 no 30,93 high 19,60 0,132 0,793 
38 Berlin m  Sachsendamm, Schöneberg 2017 52,57234 13,15864 no 41,44 high 19,10 0,135 0,770 
39 Brandenburg f Heiligengrabe 1898 53,14473 12,36269 25,56 0,01 low 19,52 0,112 0,799 
40 Brandenburg f Heiligengrabe 1898 53,14473 12,36269 25,56 0,01 low 19,42 0,116 0,834 
41 Brandenburg f Heiligengrabe 1898 53,14473 12,36269 25,56 0,01 low 18,94 0,115 0,834 
42 Brandenburg f Heiligengrabe 1898 53,14473 12,36269 25,56 0,01 low 17,94 0,135 0,858 
43 Brandenburg f Heiligengrabe 1898 53,14473 12,36269 25,56 0,01 low 19,58 0,126 0,820 
44 Brandenburg f Eiche (Potsdam) 1905 52,40503 12,99271 13,51 0,79 medium 21,94 0,107 0,802 
45 Brandenburg f Eiche (Potsdam) 1905 52,40503 12,99271 13,51 0,79 medium 18,62 0,113 0,857 
46 Brandenburg f Finkenkrug 1918 52,55976 13,07448 15,64 0,69 medium 21,40 0,108 0,722 
47 Brandenburg f Finkenkrug 1919 52,55976 13,07448 15,64 0,71 medium 16,90 0,129 0,899 
48 Brandenburg f Zehdenick  1946 52,97786 13,33121 11,37 1,96 high 19,82 0,106 0,827 
49 Brandenburg f Zehdenick  1950 52,97786 13,33121 11,37 1,86 high 17,64 0,119 0,867 
50 Brandenburg f Zehdenick  1957 52,97786 13,33121 11,37 2,29 high 19,12 0,120 0,860 
51 Brandenburg f Hennigsdorf 1958 52,63401 13,20651 13,69 5,67 high 18,00 0,130 0,950 
52 Brandenburg f Hennigsdorf 1958 52,63401 13,20651 13,69 5,67 high 18,48 0,122 0,904 
53 Brandenburg f Gransee (Oberhavel) 1960 53,00693 13,15042 15,26 0,67 medium 19,52 0,118 0,830 
54 Brandenburg f Sommerfeld (Kremmen) Kreis Oranienburg 1971 52,80298 13,03195 2,98 1,40 medium 22,54 0,106 0,756 




ID Region Sex District Year Latitude Longitude Rate of change Radiance LPC SBL Dia eyes/SBL FWL/SBL 
56 Brandenburg f Nauen 1976 52,60918 12,87953 6,77 9,12 high 22,14 0,111 0,800 
57 Brandenburg f Nauen 1976 52,60918 12,87953 6,77 9,12 high 19,60 0,109 0,809 
58 Brandenburg f Schöneweide 1982 52,10779 13,27186 28,51 0,22 medium 19,00 0,109 0,800 
59 Brandenburg f Körba 1983 51,80676 13,39198 28,92 0,12 low 19,38 0,121 0,833 
60 Brandenburg f Tornow 1998 53,06463 13,28744 36,52 0,08 low 18,90 0,113 0,809 
61 Brandenburg f Dreilinden 2017 52,40414 13,17177 no 4,00 high 20,50 0,110 0,839 
62 Brandenburg f Dreilinden 2017 52,40414 13,17177 no 4,00 high 21,16 0,105 0,775 
63 Brandenburg m Heiligengrabe 1898 53,14482 12,36239 25,56 0,01 low 17,36 0,142 0,916 
64 Brandenburg m Heiligengrabe 1898 53,14482 12,36239 25,56 0,01 low 15,28 0,151 0,995 
65 Brandenburg m Heiligengrabe 1898 53,14482 12,36239 25,56 0,01 low 19,18 0,134 0,813 
66 Brandenburg m Heiligengrabe 1898 53,14482 12,36239 25,56 0,01 low 18,26 0,133 0,767 
67 Brandenburg m Heiligengrabe 1898 53,14482 12,36239 25,56 0,01 low 16,94 0,148 0,838 
68 Brandenburg m Potsdam 1913 52,39960 13,04782 6,21 11,04 high 18,28 0,128 0,845 
69 Brandenburg m Stahnsdorf 1929 52,39199 13,22175 11,41 1,97 high 19,68 0,121 0,803 
70 Brandenburg m Zehdenick Stadt 1952 52,97786 13,33121 11,37 2,18 high 18,36 0,132 0,861 
71 Brandenburg m Hennigsdorf 1958 52,63402 13,20647 13,69 5,67 high 18,08 0,136 0,841 
72 Brandenburg m Rüdersdorf 1958 52,47176 13,78511 7,38 3,21 high 18,30 0,130 0,817 
73 Brandenburg m Rüdersdorf 1958 52,47176 13,78511 7,38 3,21 high 18,40 0,138 0,560 
74 Brandenburg m Sommerfeld (Kremmen) Kreis Oranienburg 1968 52,80298 13,03195 2,98 1,39 medium 19,46 0,133 0,804 
75 Brandenburg m Umgebung Rathenow 1970 52,80298 13,03195 26,7 0,06 low 20,47 0,110 0,725 
76 Brandenburg m Sommerfeld (Kremmen) Kreis Oranienburg 1970 52,61659 12,32470 2,98 1,40 medium 17,78 0,132 0,835 
77 Brandenburg m Güldenhof und Umgebung (Kreis Gransee) 1987 53,08275 13,05445 51,13 0,01 low 19,90 0,114 0,503 
78 Brandenburg m Nedlitz 1988 52,44008 13,03487 26,7 0,81 medium 20,32 0,115 0,726 
79 Brandenburg m Umgebung Rathenow 1989 52,61659 12,32470 26,7 0,14 low 18,60 0,115 0,793 
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Body sizes and dietary niche of two ground beetle species from urban and rural 
populations, tracked from 1900 to today 
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Table A1 Body lengths (in mm) of Harpalus affinis and H. rufipes from agricultural and urban habitats, 
rural and city areas across space and time per sex: Results of Wilcoxon rank sum tests (Wilcox.) for 
comparisons of body lengths between females and males, for comparisons of body lengths between 
habitats in females and males, and for comparisons of body lengths between areas in females and 
males. Results of Kruskal-Wallis rank sum tests (Krusk.-Wal.) for comparisons of body lengths between 
time periods in rural areas in females and males, and between time periods in city areas in females 
and males, significant differences are given in bold. 







SBL ~ Sex - female 9.01 Wilcox.  63318 - < 0.0001 
male 8.70 
SBL ~ Habitat female agricultural 9.22 Wilcox.  78.5 - 0.728 
urban 8.88 
male agricultural 8.51 170.5 - 0.229 
urban 8.70 
SBL ~ Area female rural 9.07 Wilcox.  7468.5 - 0.780 
city 9.01 
male rural 8.76 19296 - 0.313 
city 8.63 
SBL ~ Rural 
over time 
female 1892-1949 8.88 Krusk.-Wal. - 0.3305 0.848 
1957-1998 9.07 
2016-2017 9.22 
male 1892-1949 8.76 - 1.0705 0.586 
1957-1998 8.76 
2016-2017 8.51 
SBL ~ City over 
time 
female 1892-1949 9.09 Krusk.-Wal. - 2.0146 0.365 
1957-1998 9.01 
2016-2017 8.88 










SBL ~ Sex - female 13.46 Wilcox. 6557 - < 0.0001 
male 12.53 
SBL ~ Habitat female agricultural 13.52 Wilcox. 272 - 0.142 
urban 13.17 
male agricultural 12.64 298 - 0.081 
urban 12.15 
SBL ~ Area female rural 13.52 Wilcox. 775 - 0.196 
city 13.17 
male rural 12.52 1046.5 - 0.587 
city 12.57 
SBL ~ Rural 
over time 
female 1892-1949 13.22 Krusk.-Wal. - 1.9911 0.370 
1957-1998 13.64 
2016-2017 13.52 
male 1892-1949 12.38 - 2.3087 0.315 
1957-1998 12.29 
2016-2017 12.64 
SBL ~ City over 
time 
female 1892-1949 12.96 Krusk.-Wal. - 0.76896 0.681 
1957-1998 13.64 
2016-2017 12.87 




Table A2 Body lengths (in mm) of Harpalus affinis and H. rufipes from agricultural and urban habitats, 
rural and city areas across space and time per sex: Results of Levene´s Test for Homogeneity of 
Variance, centre = median. Significant p-values are given in bold. 






SBL ~ Habitat female agricultural 0.357 22 1.559 0.225 
urban 0.177 
male agricultural 0.268 40 1.694 0.201 
urban 1.212 
SBL ~ Area female rural 0.399 240 1.538 0.249 
city 0.355 
male rural 0.251 380 1.887 0.170 
city 0.444 
SBL ~ Rural 
over time 
female 1892-1949 0.5745 121 0.829 0.439 
1957-1998 0.322 
2016-2017 0.357 
male 1892-1949 0.189 196 0.488 0.615 
1957-1998 0.275 
2016-2017 0.268 
SBL ~ City over 
time 
female 1892-1949 0.336 115 0.273 0.762 
1957-1998 0.389 
2016-2017 0.195 









SBL ~ Habitat female agricultural 0.366 53 0.281 0.598 
urban 0.229 
male agricultural 0.364 43 5.391 0.025 
urban 0.884 
SBL ~ Area female rural 0.399 240 1.338 0.249 
city 0.355 
male rural 0.434 94 5.157 0.025 
city 0.764 
SBL ~ Rural 
over time 
female 1892-1949 0.720 59 1.279 0.286 
1957-1998 0.882 
2016-2017 0.366 
male 1892-1949 0.525 52 0.543 0.584 
1957-1998 0.526 
2016-2017 0.364 
SBL ~ City over 
time 
female 1892-1949 0.664 18 1.072 0.363 
1957-1998 3.196 
2016-2017 0.269 





Table A3 Stable 14N and 13C isotope enrichments (in %) in cuticula, legs, and muscles of Harpalus affinis 
and H. rufipes between sexes and specimens from agricultural and urban habitats. Results of Wilcoxon 
rank sum tests for comparisons between tissues of females and males and between beetles originated 
from agricultural and urban habitats. Significant differences are given in bold. 







Cuticula δ 15N ~ Sex female 5.816 66 0.248 
male 3.082 
δ 13C ~ Sex female -26.656 40.5 0.496 
male -26.134 
δ 15N ~ Habitat agricultural 6.283 85 0.007 
urban 2.839 
δ 13C ~ Habitat agricultural -26.389 40.5 0.496 
urban -26.311 
Legs δ 15N ~ Sex female 5.601 63 0.353 
male 3.177 
δ 13C ~ Sex female -26.426 46 0.796 
male -26.289 
δ 15N ~ Habitat agriculture 6.3840 89 0.002 
urban 2.9185 
δ 13C ~ Habitat agricultural -26.301 49 0.971 
urban -26.313 
Muscles δ 15N ~ Sex female 6.754 24 0.622 
male 5.310 
δ 13C ~ Sex female -25.662 20 1.000 
male -25.705 
δ 15N ~ Habitat agricultural 6.9245 32 0.093 
urban 4.534 









Cuticula δ 15N ~ Sex female 6.287 55 0.739 
male 5.495 
δ 13C ~ Sex female -25.755 61 0.436 
male -27.053 
δ 15N ~ Habitat agricultural 6.540 80 0.023 
urban 4.273 
δ 13C ~ Habitat agricultural -25.755 62 0.393 
urban -27.019 
Legs δ 15N ~ Sex female 6.307 44 0.684 
male 6.344 
δ 13C ~ Sex female -24.870 64 0.315 
male -27.161 
δ 15N ~ Habitat agricultural 6.718 77 0.043 
urban 5.304 
δ 13C ~ Habitat agricultural -24.870 64 0.315 
urban -27.144 
Muscles δ 15N ~ Sex female 7.363 51 0.971 
male 6.749 
δ 13C ~ Sex female -25.088 59 0.529 
male -26.320 
δ 15N ~ Habitat agricultural 7.557 85 0.007 
urban 5.053 
δ 13C ~ Habitat agricultural -25.088 68 0.190 
urban -26.491 
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Table A4 Stable 14N and 13C isotope enrichments between cuticula, legs, and muscles of Harpalus affinis 
and H. rufipes from agricultural and urban habitats. Results of Kruskal-Wallis rank sum tests for 
comparisons between tissues of beetles originated from agricultural and urban habitats. 






Agicultural δ 13C ~ Tissue Cuticula -26.3885 2.2999 2 0.317 
Legs -26.3005
Muscles -25.6925
δ 15N ~ Tissue Cuticula 6.2830 1.2739 2 0.529 
Legs 6.3840 
Muscles 6.9245 
Urban δ 13C ~ Tissue Cuticula -26.3105 1.5102 2 0.470 
Legs -26.3130
Muscles -25.6860









Agricultural δ 13C ~ Tissue Cuticula -25.7545 0.34323 2 0.8423 
Legs -24.8695
Muscles -25.0880
δ 15N ~ Tissue Cuticula 6.5395 2.6039 2 0.272 
Legs 6.7180 
Muscles 7.5579 
Urban δ 13C ~ Tissue Cuticula -27.019 0.63304 2 0.7287 
Legs -27.144
Muscles -26.491





Table A5 Stable 15N and 13C isotope enrichments (in ‰) in cuticula, legs, and muscles of Harpalus affinis 
and H. rufipes from agricultural and urban habitats. Results of Levene´s Test for Homogeneity of 
Variance, centre = median. Significant p-values are given in bold. 







Cuticula δ 15N ~ Habitat agricultural 9.944 18 0.0362 0.851 
urban 7.225 
δ 13C ~ Habitat agricultural 1.240 18 0.049 0.827 
urban 2.114 
Legs δ 15N ~ Habitat agricultural 10.163 18 0.0221 0.884 
urban 4.720 
δ 13C ~ Habitat agricultural 3.017 18 0.0457 0.833 
urban 3.528 
Muscles δ 15N ~ Habitat agricultural 9.262 18 0.5384 0.478 
urban 3.472 









Cuticula δ 15N ~ Habitat agricultural 1.877 18 1.7107 0.207 
urban 3.894 
δ 13C ~ Habitat agricultural 13.396 18 0.0137 0.908 
urban 19.419 
Legs δ 15N ~ Habitat agricultural 1.255 18 4.0902 0.0583 
urban 4.932 
δ 13C ~ Habitat agricultural 18.588 18 0.3294 0.573 
urban 24.233 
Muscles δ 15N ~ Habitat agricultural 0.778 18 7.9687 0.011* 
urban 4.713 






Table B Sample areas within Berlin or Brandenburg of Harpalus affinis specimens with Region (urban; rural), district, Further sampling site 
information, Habitat if available (urban; agricultural landscape), sex (f = female; m = male), GPS coordinates (latitude; longitude), sampling year, 
time period, measurements of standardized body size in mm (SBL), and repeated SBL measurements in mm of a subset of specimens.  
ID Area Region District Further sampling site 
information 
Habitat Sex Latitude Longitude Year Time period SBL SBL rep. 
1 Berlin urban Mitte Mitte urban f  52529000 13359604 1901 1892-1949 8,88 - 
2 Berlin urban Spandau Spandau - f  52.540.834 13.189.543 1901 1892-1949 9,06 - 
3 Berlin urban Steglitz-Zehlendorf Lichterfelde - f  52428895 13308185 1904 1892-1949 9,86 - 
4 Berlin urban Charlottenburg-Wilmersdorf Wilmersdorf - f  52491663 13314148 1905 1892-1949 9,50 - 
5 Berlin urban Charlottenburg-Wilmersdorf Wilmersdorf - f  52491663 13314148 1905 1892-1949 9,63 - 
6 Berlin urban Steglitz-Zehlendorf Steglitz - f  52456127 13335341 1906 1892-1949 9,22 - 
7 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 9,45 - 
8 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 8,95 - 
9 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 9,37 - 
10 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 8,14 - 
11 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 8,45 - 
12 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 9,32 - 
13 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 9,60 - 
14 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1906 1892-1949 9,50 - 
15 Berlin urban Steglitz-Zehlendorf Lichterfelde - f  52428895 13308185 1908 1892-1949 8,94 - 
16 Berlin urban Steglitz-Zehlendorf Lichterfelde - f  52428895 13308185 1908 1892-1949 9,69 - 
17 Berlin urban Steglitz-Zehlendorf Lichterfelde - f  52428895 13308185 1908 1892-1949 8,88 - 
18 Berlin urban Tempelhof-Schoeneberg Lichtenrade - f  52395878 13402458 1909 1892-1949 8,26 - 
19 Berlin urban Tempelhof-Schoeneberg Lichtenrade - f  52395878 13402458 1909 1892-1949 9,02 - 
20 Berlin urban Treptow-Koepenick Gruenau - f  52.409.002 13.587.712 1909 1892-1949 9,01 - 
21 Berlin urban Spandau Spandau - f  52.540.834 13.189.543 1911 1892-1949 8,48 - 
22 Berlin urban Steglitz-Zehlendorf Zehlendorf - f  52437752 13253738 1913 1892-1949 9,38 - 
23 Berlin urban Steglitz-Zehlendorf Lichterfelde - f  52428895 13308185 1915 1892-1949 9,04 - 
24 Berlin urban Steglitz-Zehlendorf Lichterfelde - f  52428895 13308185 1915 1892-1949 9,13 - 
25 Berlin urban Pankow Buch - f  52642189 13486930 1919 1892-1949 9,12 - 





ID Area Region District Further sampling site 
information 
Habitat Sex Latitude Longitude Year Time period SBL SBL rep. 
27 Berlin urban Spandau Spandau - f  52.540.834 13.189.543 1934 1892-1949 10,06 - 
28 Berlin urban Mitte Wedding, Ploetzensee - f  52544026 13331312 1935 1892-1949 7,64 - 
29 Berlin urban Marzahn-Hellersdorf Kaulsdorf - f  52.509.750 13.588.086 1943 1892-1949 8,08 - 
30 Berlin urban Marzahn-Hellersdorf Mahlsdorf - f  52.506.685 13.615.582 1947 1892-1949 8,63 - 
31 Berlin urban Marzahn-Hellersdorf Mahlsdorf - f  52.506.685 13.615.582 1947 1892-1949 8,20 - 
32 Berlin urban Marzahn-Hellersdorf Mahlsdorf 
 
  
- f  52.506.685 13.615.582 1947 1892-1949 9,69 - 
33 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1967 1957-1998 8,51 - 
34 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1967 1957-1998 8,88 - 
35 Berlin urban Marzahn-Hellersdorf Hellersdorf - f  52.538.769 13.599.204 1968 1957-1998 9,50 - 
36 Berlin urban Marzahn-Hellersdorf Hellersdorf - f  52.538.769 13.599.204 1968 1957-1998 9,50 - 
37 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1968 1957-1998 9,16 - 
38 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1968 1957-1998 9,31 - 
39 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1968 1957-1998 8,82 - 
40 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1968 1957-1998 9,07 - 
41 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1968 1957-1998 8,51 - 
42 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1968 1957-1998 8,83 - 
43 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1969 1957-1998 5,30 - 
44 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1969 1957-1998 8,88 - 
45 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1969 1957-1998 9,50 - 
46 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1969 1957-1998 8,51 - 
47 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1969 1957-1998 7,71 - 
48 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1969 1957-1998 8,76 - 
49 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1969 1957-1998 8,07 - 
50 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1970 1957-1998 8,82 - 
51 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1970 1957-1998 9,44 - 
52 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1970 1957-1998 9,57 - 
53 Berlin urban Lichtenberg Friedrichsfelde, Tierpark - f  52502028 13529810 1971 1957-1998 8,82 - 




ID Area Region District Further sampling site 
information 
Habitat Sex Latitude Longitude Year Time period SBL SBL rep. 
55 Berlin urban Pankow Weissensee - f  52.551.752 13.461.638 1971 1957-1998 8,76 - 
56 Berlin urban Pankow Weissensee - f  52.551.752 13.461.638 1971 1957-1998 8,07 - 
57 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1972 1957-1998 8,88 - 
58 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1972 1957-1998 8,94 - 
59 Berlin urban Tempelhof-Schoeneberg Marienfelde - f  52403966 13367800 1973 1957-1998 9,39 - 
60 Berlin urban Tempelhof-Schoeneberg Marienfelde - f  52403966 13367800 1973 1957-1998 9,32 - 
61 Berlin urban Tempelhof-Schoeneberg Marienfelde - f  52403966 13367800 1973 1957-1998 9,45 - 
62 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1975 1957-1998 9,63 - 
63 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1975 1957-1998 8,63 - 
64 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1975 1957-1998 8,14 - 
65 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1975 1957-1998 9,38 - 
66 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1975 1957-1998 9,50 - 
67 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1975 1957-1998 9,25 - 
68 Berlin urban Pankow Prenzlauer Berg - f  52.538.985 13.428.349 1975 1957-1998 8,39 - 
69 Berlin urban Lichtenberg Lichtenberg - f  52.542.437 13.486.904 1976 1957-1998 8,88 - 
70 Berlin urban Lichtenberg  Rummelsburg - f  52.498.296 13.486.759 1976 1957-1998 9,19 - 
71 Berlin urban Lichtenberg Malchow  - f  52578259 13488295 1977 1957-1998 8,63 8,67 
72 Berlin urban Lichtenberg Lichtenberg - f  52.542.437 13.486.904 1977 1957-1998 8,39 - 
73 Berlin urban Pankow Heinersdorf - f  52.568.107 13.436.845 1977 1957-1998 9,50 - 
74 Berlin urban Pankow Heinersdorf - f  52.568.107 13.436.845 1977 1957-1998 9,19 - 
75 Berlin urban Pankow Heinersdorf - f  52.568.107 13.436.845 1977 1957-1998 9,32 - 
76 Berlin urban Treptow-Koepenick Friedrichshagen - f  52.460.103 13.630.991 1978 1957-1998 9,25 - 
77 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.574 13.558.199 1979 1957-1998 8,97 - 
78 Berlin urban Lichtenberg Malchow  - f  52578259 13488295 1980 1957-1998 9,30 - 
79 Berlin urban Tempelhof-Schoeneberg Marienfelde - f  52404385 13362822 1980 1957-1998 8,51 - 
80 Berlin urban Tempelhof-Schoeneberg Marienfelde - f  52404385 13362822 1980 1957-1998 9,81 - 
81 Berlin urban Marzahn-Hellersdorf Marzahn - f  52.550.087 13.560.002 1986 1957-1998 8,76 - 
82 Berlin urban Marzahn-Hellersdorf Marzahn - f  52.550.087 13.560.002 1986 1957-1998 9,07 - 





ID Area Region District Further sampling site 
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84 Berlin urban Marzahn-Hellersdorf Marzahn - f  52.550.087 13.560.002 1987 1957-1998 8,82 - 
85 Berlin urban Marzahn-Hellersdorf Marzahn - f  52.550.087 13.560.002 1987 1957-1998 9,50 - 
86 Berlin urban Marzahn-Hellersdorf Marzahn - f  52.550.087 13.560.002 1987 1957-1998 9,07 - 
87 Berlin urban Marzahn-Hellersdorf Marzahn - f  52.550.087 13.560.002 1987 1957-1998 9,44 - 
88 Berlin urban Marzahn-Hellersdorf Marzahn - f  52.550.087 13.560.002 1987 1957-1998 8,75 - 
89 Berlin urban Reinickendorf Wittenau - f  52.589.187 13.329.318 1988 1957-1998 9,32 - 
90 Berlin urban Marzahn-Hellersdorf Mahlsdorf - f  52.506.685 13.615.582 1992 1957-1998 8,39 - 
91 Berlin urban Marzahn-Hellersdorf Mahlsdorf - f  52.506.685 13.615.582 1992 1957-1998 8,32 - 
92 Berlin urban Marzahn-Hellersdorf Mahlsdorf - f  52.506.685 13.615.582 1992 1957-1998 8,76 - 
93 Berlin urban Marzahn-Hellersdorf Mahlsdorf - f  52.506.685 13.615.582 1992 1957-1998 8,45 - 
94 Berlin urban Marzahn-Hellersdorf Mahlsdorf - f  52.506.685 13.615.582 1992 1957-1998 9,01 - 
95 Berlin urban Friedrichshain-Kreuzberg Neukoelln - f  52.439.269 13.444.629 1993 1957-1998 9,88 - 
96 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 9,63 - 
97 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 9,38 - 
98 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 9,27 - 
99 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 8,88 - 
100 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 9,32 - 
101 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 9,01 - 
102 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 8,82 - 
103 Berlin urban Treptow-Koepenick Johannistal - f  52.441.568 13.509.696 1993 1957-1998 9,01 - 
104 Berlin urban Treptow-Koepenick Altglienicke - f  52.409.770 13.552.385 1993 1957-1998 8,20 - 
105 Berlin urban Treptow-Koepenick Treptow - f  52.450.000 13.566.667 1993 1957-1998 8,76 - 
106 Berlin urban Friedrichshain-Kreuzberg Neukoelln - f  52.439.269 13.444.629 1994 1957-1998 9,01 - 
107 Berlin urban Treptow-Koepenick Treptow - f  52.450.000 13.566.667 1994 1957-1998 9,69 - 
108 Berlin urban Charlottenburg-Wilmersdorf Grunewald, Am Postfenn urban f  52.500.580 13.224.440 2017 2016-2017 8,45 - 
109 Berlin urban Mitte Tiergarten urban f  52.514.260 13.375.760 2017 2016-2017 8,45 - 
110 Berlin urban Mitte Tiergarten urban f  52.514.260 13.375.760 2017 2016-2017 8,88 - 
111 Berlin urban Neukoelln Fritz-Erler-Allee urban f  52.436.530 13.451.440 2017 2016-2017 8,20 - 
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113 Berlin urban Spandau Gatow urban f  52.477.370 13.129.650 2017 2016-2017 9,07 - 
114 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban f  52.475.410 13.406.030 2017 2016-2017 8,76 - 
115 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban f  52.475.410 13.406.030 2017 2016-2017 9,25 - 
116 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban f  52.475.410 13.406.030 2017 2016-2017 8,63 - 
117 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban f  52.475.410 13.406.030 2017 2016-2017 9,57 - 
118 Berlin urban Treptow-Koepenick AS Stubenrauchstrasse urban f  52.434.290 13.499.020 2017 2016-2017 9,50 - 
119 Berlin urban Mitte City centre urban m  52.530.644 13.383.068 1901 1892-1949 8,20 - 
120 Berlin urban Mitte City centre urban m  52.530.644 13.383.068 1901 1892-1949 9,32 - 
121 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1902 1892-1949 8,45 - 
122 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1902 1892-1949 8,57 - 
123 Berlin urban Steglitz-Zehlendorf Lichterfelde - m  52.430.884 13.192.662 1904 1892-1949 7,89 - 
124 Berlin urban Charlottenburg-Wilmersdorf Wilmersdorf - m  52.500.000 13.283.333 1905 1892-1949 8,57 - 
125 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,63 - 
126 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,39 - 
127 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,73 - 
128 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 9,32 - 
129 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,94 - 
130 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,48 - 
131 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,82 - 
132 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,20 - 
133 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,42 - 
134 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 9,11 - 
135 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,61 - 
136 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,07 - 
137 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,88 - 
138 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 10,30 - 
139 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,60 - 
140 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 8,57 - 
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142 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 9,01 - 
143 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1906 1892-1949 9,07 - 
144 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1907 1892-1949 8,20 - 
145 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1908 1892-1949 8,14 - 
146 Berlin urban Steglitz-Zehlendorf Lichterfelde - m  52.430.884 13.192.662 1908 1892-1949 8,94 - 
147 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1909 1892-1949 8,76 - 
148 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1909 1892-1949 8,20 - 
149 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1909 1892-1949 8,32 - 
150 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1909 1892-1949 8,45 - 
151 Berlin urban Treptow-Koepenick Gruenau - m  52.409.002 13.587.712 1909 1892-1949 8,33 - 
152 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1909 1892-1949 9,07 - 
153 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1913 1892-1949 8,70 - 
154 Berlin urban Steglitz-Zehlendorf Lichterfelde - m  52.430.884 13.192.662 1915 1892-1949 8,86 - 
155 Berlin urban Steglitz-Zehlendorf Lichterfelde - m  52.430.884 13.192.662 1915 1892-1949 7,83 - 
156 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1918 1892-1949 8,70 - 
157 Berlin urban Marzahn-Hellersdorf Kaulsdorf - m  52.509.750 13.588.086 1922 1892-1949 9,07 - 
158 Berlin urban Treptow-Koepenick Wuhlheide - m  52.462.275 13.534.695 1935 1892-1949 8,65 - 
159 Berlin urban Treptow-Koepenick Wuhlheide - m  52.462.275 13.534.695 1936 1892-1949 8,39 8,45 
160 Berlin urban Spandau Staaken  - m  52.533.834 13.140.730 1937 1892-1949 8,93 - 
161 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1943 1892-1949 9,19 - 
162 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1944 1892-1949 8,14 - 
163 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1944 1892-1949 9,12 9,25 
164 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1946 1892-1949 8,76 - 
165 Berlin urban Friedrichshain-Kreuzberg  Friedrichshain  - m  52.511.667 13.447.702 1947 1892-1949 8,26 - 
166 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1947 1892-1949 8,57 - 
167 Berlin urban Tempelhof-Schoeneberg Tempelhof - m  52.472.247 13.388.525 1957 1957-1998 8,57 8,63 
168 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1966 1957-1998 8,07 - 
169 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1967 1957-1998 9,01 - 
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171 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1967 1957-1998 13,11 - 
172 Berlin urban Marzahn-Hellersdorf Kaulsdorf - m  52.509.750 13.588.086 1968 1957-1998 8,88 - 
173 Berlin urban Marzahn-Hellersdorf Hellersdorf - m  52.538.769 13.599.204 1968 1957-1998 8,51 8,57 
174 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1968 1957-1998 8,94 - 
175 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1968 1957-1998 9,20 - 
176 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1968 1957-1998 8,82 - 
177 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1968 1957-1998 9,25 - 
178 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1968 1957-1998 8,82 - 
179 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 8,76 - 
180 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 8,32 - 
181 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 8,82 - 
182 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 7,95 - 
183 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 8,63 - 
184 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 8,50 8,51 
185 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 7,70 - 
186 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1969 1957-1998 8,63 - 
187 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1969 1957-1998 9,50 - 
188 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1969 1957-1998 8,57 - 
189 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1969 1957-1998 8,33 - 
190 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1969 1957-1998 9,13 - 
191 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1969 1957-1998 8,62 - 
192 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1969 1957-1998 9,69 - 
193 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1970 1957-1998 7,58 - 
194 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1971 1957-1998 9,75 - 
195 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1971 1957-1998 7,95 - 
196 Berlin urban Pankow Weissensee - m  52.551.752 13.461.638 1971 1957-1998 8,51 - 
197 Berlin urban Tempelhof-Schoeneberg Marienfelde - m  52.414.019 13.368.658 1971 1957-1998 9,13 - 
198 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1972 1957-1998 8,25 - 





ID Area Region District Further sampling site 
information 
Habitat Sex Latitude Longitude Year Time period SBL SBL rep. 
200 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1972 1957-1998 8,82 - 
201 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1972 1957-1998 8,20 - 
202 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1972 1957-1998 8,57 - 
203 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1972 1957-1998 8,70 - 
204 Berlin urban Treptow-Koepenik Koepenik - m  52.437.267 13.604.787 1972 1957-1998 8,32 - 
205 Berlin urban Tempelhof-Schoeneberg Marienfelde - m  52.414.019 13.368.658 1973 1957-1998 9,25 - 
206 Berlin urban Lichtenberg Lichtenberg - m  52.542.437 13.486.904 1975 1957-1998 8,88 - 
207 Berlin urban Lichtenberg Lichtenberg - m  52.542.437 13.486.904 1975 1957-1998 7,39 - 
208 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1975 1957-1998 8,40 - 
209 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1975 1957-1998 8,63 - 
210 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.574 13.558.199 1975 1957-1998 8,39 - 
211 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1975 1957-1998 7,83 - 
212 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1975 1957-1998 8,20 8,26 
213 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1975 1957-1998 8,50 - 
214 Berlin urban Pankow Prenzlauer Berg - m  52.538.985 13.428.349 1975 1957-1998 8,20 - 
215 Berlin urban Lichtenberg Lichtenberg - m  52.542.437 13.486.904 1976 1957-1998 8,57 - 
216 Berlin urban Lichtenberg  Rummelsburg - m  52.498.296 13.486.759 1976 1957-1998 9,07 - 
217 Berlin urban Pankow Heinersdorf - m  52.568.107 13.436.845 1977 1957-1998 8,33 - 
218 Berlin urban Pankow Heinersdorf - m  52.568.107 13.436.845 1977 1957-1998 8,27 - 
219 Berlin urban Pankow Heinersdorf - m  52.568.107 13.436.845 1977 1957-1998 7,89 - 
220 Berlin urban Pankow  Niederschoenhausen - m  52.576.153 13.390.058 1977 1957-1998 8,70 - 
221 Berlin urban Treptow-Koepenick Friedrichshagen - m  52.460.103 13.630.991 1978 1957-1998 8,94 - 
222 Berlin urban Pankow Heinersdorf - m  52.568.107 13.436.845 1979 1957-1998 7,95 - 
223 Berlin urban Pankow Heinersdorf - m  52.568.107 13.436.845 1979 1957-1998 8,83 - 
224 Berlin urban Pankow Heinersdorf - m  52.568.107 13.436.845 1979 1957-1998 8,88 - 
225 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1979 1957-1998 9,14 - 
226 Berlin urban Lichtenberg Lichtenberg - m  52.542.437 13.486.904 1980 1957-1998 7,83 - 
227 Berlin urban Lichtenberg Lichtenberg - m  52.542.437 13.486.904 1980 1957-1998 8,39 - 
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229 Berlin urban Pankow Pankow - m  52.597.603 13.420.919 1981 1957-1998 7,58 - 
230 Berlin urban Reinickendorf Luebars  - m  52.618.293 13.357.601 1981 1957-1998 8,60 - 
231 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1981 1957-1998 8,45 - 
232 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1984 1957-1998 8,57 - 
233 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1986 1957-1998 9,19 - 
234 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1986 1957-1998 8,01 - 
235 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1986 1957-1998 8,45 - 
236 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1986 1957-1998 8,50 - 
237 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1986 1957-1998 8,07 - 
238 Berlin urban Friedrichshain-Kreuzberg Landsberger Allee urban m  52.535.577 13.521.718 1987 1957-1998 9,01 - 
239 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1987 1957-1998 8,88 - 
240 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1987 1957-1998 7,27 - 
241 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1987 1957-1998 8,70 - 
242 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1987 1957-1998 8,70 - 
243 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1987 1957-1998 9,25 - 
244 Berlin urban Marzahn-Hellersdorf Marzahn - m  52.550.087 13.560.002 1987 1957-1998 9,13 - 
245 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1988 1957-1998 8,39 - 
246 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1988 1957-1998 8,82 - 
247 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1988 1957-1998 8,88 - 
248 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1988 1957-1998 8,45 - 
249 Berlin urban Reinickendorf Wittenau - m  52.589.187 13.329.318 1988 1957-1998 8,82 - 
250 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,82 - 
251 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,88 - 
252 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,81 - 
253 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,20 - 
254 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,70 - 
255 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,45 - 
256 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,51 - 
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258 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 8,45 - 
259 Berlin urban Marzahn-Hellersdorf Mahlsdorf - m  52.506.685 13.615.582 1992 1957-1998 9,07 - 
260 Berlin urban Friedrichshain-Kreuzberg Neukoelln - m  52.439.269 13.444.629 1993 1957-1998 9,50 - 
261 Berlin urban Spandau Spandau - m  52.540.834 13.189.543 1993 1957-1998 8,94 - 
262 Berlin urban Spandau Spandau - m  52.540.834 13.189.543 1993 1957-1998 8,88 - 
263 Berlin urban Spandau Spandau - m  52.540.834 13.189.543 1993 1957-1998 8,45 - 
264 Berlin urban Spandau Spandau - m  52.540.834 13.189.543 1993 1957-1998 8,71 - 
265 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 9,52 - 
266 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 8,56 - 
267 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 8,57 - 
268 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 8,94 - 
269 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 8,88 - 
270 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 9,33 - 
271 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 8,14 - 
272 Berlin urban Treptow-Koepenick Johannistal - m  52.441.568 13.509.696 1993 1957-1998 8,14 - 
273 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1993 1957-1998 9,07 - 
274 Berlin urban Treptow-Koepenick Altglienicke - m  52.409.770 13.552.385 1993 1957-1998 7,64 - 
275 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1993 1957-1998 9,01 - 
276 Berlin urban Pankow  Blankenburg  - m  52.591.683 13.455.444 1994 1957-1998 8,70 - 
277 Berlin urban Treptow-Koepenick Johannistal - m  52.441.568 13.509.696 1994 1957-1998 8,88 - 
278 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1994 1957-1998 9,30 - 
279 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1994 1957-1998 8,76 - 
280 Berlin urban Treptow-Koepenick Treptow - m  52.450.000 13.566.667 1998 1957-1998 8,51 - 
281 Berlin urban Charlottenburg-Wilmersdorf Grunewald, Am Postfenn urban m  52,500,580 13,224,440 2017 2016-2017 8,14 - 
282 Berlin urban Mitte Tiergarten urban m  52,514,510 13,373,530 2017 2016-2017 11,68 - 
283 Berlin urban Mitte Tiergarten urban m  52,514,260 13,375,760 2017 2016-2017 8,57 - 
284 Berlin urban Mitte Tiergarten urban m  52,514,260 13,375,760 2017 2016-2017 8,39 - 
285 Berlin urban Mitte Tiergarten urban m  52,514,510 13,373,530 2017 2016-2017 8,45 - 
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287 Berlin urban Mitte Tiergarten urban m  52,514,260 13,375,760 2017 2016-2017 8,20 - 
288 Berlin urban Mitte Tiergarten urban m  52,514,260 13,375,760 2017 2016-2017 8,39 - 
289 Berlin urban Pankow Buch urban m  52,630,440 13,484,280 2017 2016-2017 11,24 - 
290 Berlin urban Pankow Karow urban m  52,616,620 13,448,110 2017 2016-2017 8,70 - 
291 Berlin urban Pankow Karow urban m  52,616,620 13,448,110 2017 2016-2017 9,07 - 
292 Berlin urban Pankow Karow urban m  52,616,620 13,448,110 2017 2016-2017 9,07 - 
293 Berlin urban Pankow Buch urban m  52,630,440 13,484,280 2017 2016-2017 8,39 - 
294 Berlin urban Spandau Spandauer Forst, Eiskeller urban m  52,583,310 13,145,720 2017 2016-2017 8,70 - 
295 Berlin urban Spandau Gatow urban m  52,477,370 13,129,650 2017 2016-2017 8,63 - 
296 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban m  52,475,410 13,406,030 2017 2016-2017 9,44 - 
297 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban m  52,475,410 13,406,030 2017 2016-2017 9,19 - 
298 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban m  52,475,410 13,406,030 2017 2016-2017 9,38 - 
299 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban m  52,475,410 13,406,030 2017 2016-2017 9,13 - 
300 Berlin urban Tempelhof-Schoeneberg Tempelhofer Feld urban m  52,475,410 13,406,030 2017 2016-2017 8,88 - 
301 Brandenburg rural Maerkisch-Oderland Strausberg - f  52555437 13882815 1893 1892-1949 9,13 - 
302 Brandenburg rural Maerkisch-Oderland Ruedersdorf - f  52474314 13820982 1899 1892-1949 8,45 - 
303 Brandenburg rural Maerkisch-Oderland Ruedersdorf - f  52474314 13820982 1899 1892-1949 8,02 - 
304 Brandenburg rural Havelland Finkenkrug in Falkensee - f  52557800 13036158 1909 1892-1949 7,80 - 
305 Brandenburg rural Havelland Finkenkrug in Falkensee - f  52557800 13036158 1909 1892-1949 8,57 - 
306 Brandenburg rural Havelland Nauen - f  52610488 12832286 1910 1892-1949 8,26 - 
307 Brandenburg rural Havelland Dallgow-Doeberitz - f  52518350 13069026 1923 1892-1949 8,83 - 
308 Brandenburg rural Havelland Dallgow-Doeberitz - f  52518350 13069026 1924 1892-1949 8,06 - 
309 Brandenburg rural Havelland Nauen - f  52610488 12832286 1927 1892-1949 9,24 - 
310 Brandenburg rural Havelland Brieselang  - f  52591192 12974592 1927 1892-1949 8,51 - 
311 Brandenburg rural Teltow-Flaeming Sperenberg - f  52121623 13404372 1930 1892-1949 8,88 - 
312 Brandenburg rural Teltow-Flaeming Sperenberg - f  52121623 13404372 1930 1892-1949 9,25 - 
313 Brandenburg rural Teltow-Flaeming Sperenberg - f  52121623 13404372 1930 1892-1949 8,39 - 
314 Brandenburg rural Teltow-Flaeming Sperenberg - f  52121623 13404372 1930 1892-1949 9,80 - 
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316 Brandenburg rural Barnim Tiefensee - f  52667373 13821467 1932 1892-1949 8,39 - 
317 Brandenburg rural Barnim Groß Schoenebeck - f  52919234 13573580 1932 1892-1949 9,25 - 
318 Brandenburg rural Teltow-Flaeming Großmachnower Weinberg - f  52266582 13503082 1932 1892-1949 9,75 - 
319 Brandenburg rural Elbe-Elster Schoenborn (Eichwalde) - f  51582453 13486844 1933 1892-1949 9,94 - 
320 Brandenburg rural Teltow-Flaeming Sperenberg - f  52121623 13404372 1937 1892-1949 8,94 - 
321 Brandenburg rural Teltow-Flaeming Sperenberg - f  52121623 13404372 1937 1892-1949 8,57 - 
322 Brandenburg rural Teltow-Flaeming Brieselang  - f  52591192 12974592 1941 1892-1949 8,82 - 
323 Brandenburg rural Dahme-Spreewald Wildau - f  52313717 13628312 1942 1892-1949 8,94 - 
324 Brandenburg rural Havelland Nauen - f  52610488 12832286 1942 1892-1949 9,81 9,72 
325 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - f  52258812 13319982 1942 1892-1949 8,76 - 
326 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - f  52258812 13319982 1942 1892-1949 9,73 - 
327 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - f  52258812 13319982 1942 1892-1949 8,39 - 
328 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - f  52258812 13319982 1942 1892-1949 9,34 - 
329 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - f  52258812 13319982 1942 1892-1949 9,44 - 
330 Brandenburg rural Dahme-Spreewald Wildau - f  52313717 13628312 1943 1892-1949 9,26 - 
331 Brandenburg rural Dahme-Spreewald Wildau - f  52313717 13628312 1943 1892-1949 8,57 - 
332 Brandenburg rural Havelland Finkenkrug in Falkensee - f  52557800 13036158 1943 1892-1949 8,63 - 
333 Brandenburg rural Havelland Finkenkrug in Falkensee - f  52557800 13036158 1943 1892-1949 8,77 8,67 
334 Brandenburg rural Maerkisch-Oderland Herzfelde in Ruedersdorf - f  52482295 13861546 1943 1892-1949 8,88 - 
335 Brandenburg rural Maerkisch-Oderland Ruedersdorf - f  52459673 13836088 1943 1892-1949 10,01 - 
336 Brandenburg rural Teltow-Flaeming Blankenfelde-Mahlow - f  52 316740 13 410668 1947 1892-1949 8,70 - 
337 Brandenburg rural Barnim Chorin - f  52896295 13905457 1949 1892-1949 10,30 - 
338 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- f  52677445 13373545 1949 1892-1949 8,88 - 
339 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- f  52677445 13373545 1949 1892-1949 11,86 - 
340 Brandenburg rural Maerkisch-Oderland Strausberg-Torfhaus  - f  52517437 13842452 1965 1957-1998 9,19 - 
341 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- f  52652879 13334172 1967 1957-1998 9,63 - 
342 Brandenburg rural Barnim Wandlitz Lotschesee  - f  52811314 13501236 1968 1957-1998 9,07 - 
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344 Brandenburg rural Barnim Ahrensfelde - f  52594215 13575544 1970 1957-1998 8,82 - 
345 Brandenburg rural Barnim Blumberg in Ahrensfelde - f  52604129 13628552 1970 1957-1998 9,57 - 
346 Brandenburg rural Barnim Blumberg in Ahrensfelde - f  52604129 13628552 1970 1957-1998 9,13 - 
347 Brandenburg rural Barnim Blumberg in Ahrensfelde - f  52604129 13628552 1970 1957-1998 8,26 - 
348 Brandenburg rural Dahme-Spreewald Egsdorf Teupitzer See - f  52127990 13597811 1970 1957-1998 8,63 - 
349 Brandenburg rural Oder-Spree Gruenheide bei Erkner - f  52426158 13864626 1970 1957-1998 9,63 9,57 
350 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel - f  52339170 12467982 1970 1957-1998 8,57 - 
351 Brandenburg rural Barnim Basdorf in Wandlitz - f  52701195 13425686 1971 1957-1998 7,76 - 
352 Brandenburg rural Barnim Wandlitz Kreis Bernau - f  52701496 13475292 1972 1957-1998 8,94 - 
353 Brandenburg rural Barnim Wandlitz Kreis Bernau - f  52701496 13475292 1972 1957-1998 9,25 - 
354 Brandenburg rural Barnim Wandlitz Kreis Bernau - f  52701496 13475292 1972 1957-1998 8,82 - 
355 Brandenburg rural Barnim Wandlitz Kreis Bernau - f  52701496 13475292 1972 1957-1998 9,07 - 
356 Brandenburg rural Oberhavel  Schildow-Moenchmuehle - f  52649469 13390917 1972 1957-1998 9,57 - 
357 Brandenburg rural Barnim Wandlitz Kreis Bernau - f  52701496 13475292 1973 1957-1998 8,82 - 
358 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- f  52677445 13373545 1973 1957-1998 9,17 - 
359 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- f  52677445 13373545 1973 1957-1998 8,76 - 
360 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- f  52652879 13334172 1973 1957-1998 9,07 - 
361 Brandenburg rural Oberhavel  Hohen Neuendorf Kreis 
Oranienburg 
- f  52647518 13263836 1973 1957-1998 8,76 - 
362 Brandenburg rural Dahme-Spreewald Wernsdorf Kreis Koenigs 
Wusterhausen 
- f  52347094 13699639 1974 1957-1998 7,14 - 
363 Brandenburg rural Dahme-Spreewald Wernsdorf Kreis Koenigs 
Wusterhausen 
- f  52347094 13699639 1974 1957-1998 9,13 - 
364 Brandenburg rural Oberhavel Schildow - f  52644126 13361704 1974 1957-1998 9,50 - 
365 Brandenburg rural Barnim Blumberg in Ahrensfelde - f  52604129 13628552 1975 1957-1998 9,66 - 
366 Brandenburg rural Dahme-Spreewald Kablow Kreis Koenigs 
Wusterhausen 
- f  52299745 13738424 1975 1957-1998 8,82 - 
367 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1975 1957-1998 9,19 - 
368 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1975 1957-1998 9,01 - 
369 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1975 1957-1998 9,40 - 
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371 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1975 1957-1998 9,66 - 
372 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1975 1957-1998 9,63 - 
373 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1975 1957-1998 9,62 - 
374 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1975 1957-1998 9,13 - 
375 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - f  52416667 14532821 1975 1957-1998 9,13 - 
376 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - f  52416667 14532821 1975 1957-1998 8,88 - 
377 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - f  52416667 14532821 1975 1957-1998 9,76 - 
378 Brandenburg rural Oberhavel Henningsdorf Kreis 
Oranienburg 
- f  52618226 13185346 1975 1957-1998 10,31 - 
379 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- f  52652879 13334172 1977 1957-1998 8,70 - 
380 Brandenburg rural Potsdam-Mittelmark Holz-Berg in Rietz, Rietzer 
See, natural reserve 
- f  52366718 12630587 1977 1957-1998 9,64 - 
381 Brandenburg rural Oder-Spree Fuerstenwalde, Wernsdorfer 
See, protected landscape 
- f  52384693 13712268 1978 1957-1998 9,50 - 
382 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - f  52485625 12906010 1978 1957-1998 9,19 - 
383 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel - f  52339170 12467982 1978 1957-1998 8,39 - 
384 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - f  52465122 14479306 1979 1957-1998 9,07 9,07 
385 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - f  52485625 12906010 1979 1957-1998 8,20 - 
386 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - f  52485625 12906010 1979 1957-1998 7,95 - 
387 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - f  52485625 12906010 1979 1957-1998 8,20 - 
388 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - f  52485625 12906010 1979 1957-1998 8,76 - 
389 Brandenburg rural Potsdam-Mittelmark Island Buhnenwerder in 
Plauer See bei Kirchmoeser, 
protected landscape 
- f  52394386 12471018 1979 1957-1998 8,78 - 
390 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel - f  52339170 12467982 1979 1957-1998 8,45 - 
391 Brandenburg rural Maerkisch-Oderland Muencheberg  - f  52515053 14075518 1980 1957-1998 7,70 - 
392 Brandenburg rural Maerkisch-Oderland Muencheberg  - f  52515053 14075518 1980 1957-1998 9,18 - 
393 Brandenburg rural Oberhavel Klein-Mutz Kreis Zehdenik - f  52949970 13290679 1980 1957-1998 8,70 - 
394 Brandenburg rural Oder-Spree Gruenheide (surroundings) - f  52428670 13887972 1980 1957-1998 8,57 - 
395 Brandenburg rural Oberhavel  Schildow, natural reserve - f  52630479 13356897 1981 1957-1998 8,88 - 
396 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
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397 Brandenburg rural Oberhavel Neuendorf in Loewenberger 
Land 
- f  52836414 13119294 1982 1957-1998 8,39 - 
398 Brandenburg rural Teltow-Flaeming Großbeeren - f  52357527 13316374 1982 1957-1998 9,25 - 
399 Brandenburg rural Teltow-Flaeming Großbeeren - f  52357527 13316374 1982 1957-1998 9,50 9,38 
400 Brandenburg rural Barnim Barnim - f  52993806 13432426 1983 1957-1998 8,45 - 
401 Brandenburg rural Maerkisch-Oderland Strausberg - f  52557107 13885561 1983 1957-1998 9,48 9,49 
402 Brandenburg rural Oder-Spree Erkner - f  52395934 13763690 1983 1957-1998 9,19 - 
403 Brandenburg rural Oder-Spree Erkner - f  52395934 13763690 1983 1957-1998 9,81 - 
404 Brandenburg rural Oder-Spree Erkner - f  52395934 13763690 1983 1957-1998 9,39 9,32 
405 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- f  52652879 13334172 1985 1957-1998 8,88 - 
406 Brandenburg rural Oderspreewald-Lausitz Großkoschen in Senftenberg  - f  51489227 14060600 1985 1957-1998 9,50 - 
407 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - f  52416667 14532821 1986 1957-1998 10,00 - 
408 Brandenburg rural Maerkisch-Oderland Strausberg - f  52557107 13885561 1987 1957-1998 9,19 - 
409 Brandenburg rural Spree-Neiße Cottbus, inland dunes - f  51779871 14428495 1987 1957-1998 9,63 9,69 
410 Brandenburg rural Potsdam-Mittelmark Toepchin Werder  - f  52390937 12877433 1991 1957-1998 8,82 - 
411 Brandenburg rural Teltow-Flaeming Hostfelde in Zossen - f  52216640 13407134 1991 1957-1998 8,51 - 
412 Brandenburg rural Oberhavel Mildenberg in Zehdenick - f  53027335 13302829 1998 1957-1998 8,80 - 
413 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  53 2221.15 13 404.43 2016 2016-2017 8,01 - 
414 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  54 2221.15 14 404.43 2016 2016-2017 9,32 - 
415 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  53 2221.15 13 404.43 2016 2016-2017 9,32 - 
416 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  54 2221.15 14 404.43 2016 2016-2017 9,13 - 
417 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  55 2221.15 15 404.43 2016 2016-2017 8,76 - 
418 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  56 2221.15 16 404.43 2016 2016-2017 9,35 - 
419 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  57 2221.15 17 404.43 2016 2016-2017 8,07 - 
420 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
f  58 2221.15 18 404.43 2016 2016-2017 8,32 - 
421 Brandenburg rural Maerkisch-Oderland Falkenhagen agricultural 
landscape  
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422 Brandenburg rural Nordwestuckermark Arendsee agricultural 
landscape  
f  53 20.334 13 39.330 2017 2016-2017 9,50 - 
423 Brandenburg rural Nordwestuckermark Fuerstenwerder agricultural 
landscape  
f  53 23.302 13 35.736 2017 2016-2017 8,39 - 
424 Brandenburg rural Teltow-Flaeming Blankenfelde-Mahlow agricultural 
landscape  
f  52 33.962 13 38.178 2017 2016-2017 9,63 - 
425 Brandenburg rural Maerkisch-Oderland Ruedersdorf - m  52474314 13820982 1899 1892-1949 8,20 - 
426 Brandenburg rural Maerkisch-Oderland Ruedersdorf - m  52474314 13820982 1899 1892-1949 8,45 - 
427 Brandenburg rural Oder-Spree Grunow-Dammdorf - m  52131509 14421513 1906 1892-1949 8,63 - 
428 Brandenburg rural Havelland Finkenkrug in Falkensee - m  52557800 13036158 1909 1892-1949 8,76 - 
429 Brandenburg rural Havelland Finkenkrug in Falkensee - m  52557800 13036158 1909 1892-1949 9,13 - 
430 Brandenburg rural Havelland Finkenkrug in Falkensee - m  52557800 13036158 1910 1892-1949 9,03 - 
431 Brandenburg rural Oberhavel Borgsdorf in Hohen 
Neuendorf 
- m  52715814 13268077 1913 1892-1949 8,95 - 
432 Brandenburg rural Barnim Bernau - m  52696047 13550097 1919 1892-1949 8,73 - 
433 Brandenburg rural Havelland Brieselang  - m  52591192 12974592 1921 1892-1949 9,16 - 
434 Brandenburg rural Havelland Nauen - m  52610488 12832286 1921 1892-1949 8,70 - 
435 Brandenburg rural Havelland Nauen - m  52610488 12832286 1921 1892-1949 8,81 - 
436 Brandenburg rural Havelland Brieselang  - m  52591192 12974592 1923 1892-1949 9,01 - 
437 Brandenburg rural Maerkisch-Oderland Hoenow in Hoppegarten - m  52554418 13642433 1923 1892-1949 8,20 - 
438 Brandenburg rural Havelland Brieselang  - m  52591192 12974592 1924 1892-1949 8,32 - 
439 Brandenburg rural Havelland Brieselang  - m  52591192 12974592 1927 1892-1949 8,82 - 
440 Brandenburg rural Maerkisch-Oderland Hoenow in Hoppegarten - m  52554418 13642433 1928 1892-1949 8,82 - 
441 Brandenburg rural Havelland Bredow in Brieselang - m  52593443 12935718 1930 1892-1949 8,44 - 
442 Brandenburg rural Maerkisch-Oderland Hoenow in Hoppegarten - m  52554418 13642433 1930 1892-1949 7,52 7,52 
443 Brandenburg rural Teltow-Flaeming Sperenberg - m  52124574 13382056 1930 1892-1949 7,69 - 
444 Brandenburg rural Teltow-Flaeming Sperenberg - m  52124574 13382056 1930 1892-1949 8,61 - 
445 Brandenburg rural Teltow-Flaeming Sperenberg - m  52124574 13382056 1930 1892-1949 8,88 - 
446 Brandenburg rural Teltow-Flaeming Sperenberg - m  52124574 13382056 1930 1892-1949 8,32 - 
447 Brandenburg rural Maerkisch-Oderland Herzfelde in Ruedersdorf - m  52482295 13861546 1931 1892-1949 8,14 - 
448 Brandenburg rural Dahme-Spreewald Telz - m  52246352 13486311 1934 1892-1949 9,01 - 
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450 Brandenburg rural Maerkisch-Oderland Strausberg - m  52557107 13885561 1934 1892-1949 8,63 - 
451 Brandenburg rural Maerkisch-Oderland Strausberg - m  52557107 13885561 1934 1892-1949 8,70 - 
452 Brandenburg rural Maerkisch-Oderland Strausberg - m  52557107 13885561 1934 1892-1949 8,57 - 
453 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - m  52416667 14532821 1935 1892-1949 8,82 - 
454 Brandenburg rural Teltow-Flaeming Sperenberg - m  52124574 13382056 1937 1892-1949 9,02 - 
455 Brandenburg rural Maerkisch-Oderland Hoenow-Mehrow in 
Hoppegarten 
- m  52575003 13645379 1939 1892-1949 7,70 - 
456 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - m  52265221 13313631 1942 1892-1949 8,57 - 
457 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - m  52265221 13313631 1942 1892-1949 8,07 - 
458 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - m  52265221 13313631 1942 1892-1949 8,57 - 
459 Brandenburg rural Teltow-Flaeming Wietstock in Ludwigsfelde - m  52265221 13313631 1942 1892-1949 9,19 - 
460 Brandenburg rural Dahme-Spreewald Wildau - m  52323056 13627797 1943 1892-1949 9,13 - 
461 Brandenburg rural Dahme-Spreewald Wildau - m  52323056 13627797 1943 1892-1949 9,68 - 
462 Brandenburg rural Dahme-Spreewald Wildau - m  52323056 13627797 1943 1892-1949 8,70 - 
463 Brandenburg rural Dahme-Spreewald Wildau - m  52323056 13627797 1943 1892-1949 9,02 - 
464 Brandenburg rural Havelland Finkenkrug in Falkensee - m  52557800 13036158 1943 1892-1949 8,63 - 
465 Brandenburg rural Maerkisch-Oderland Herzfelde in Ruedersdorf - m  52482295 13861546 1943 1892-1949 9,44 - 
466 Brandenburg rural Maerkisch-Oderland Herzfelde in Ruedersdorf - m  52482295 13861546 1943 1892-1949 8,82 - 
467 Brandenburg rural Maerkisch-Oderland Ruedersdorf - m  52479641 13826682 1943 1892-1949 9,32 - 
468 Brandenburg rural Maerkisch-Oderland Herzfelde in Ruedersdorf - m  52482295 13861546 1943 1892-1949 8,76 - 
469 Brandenburg rural Maerkisch-Oderland Strausberg - m  52557107 13885561 1946 1892-1949 9,06 - 
470 Brandenburg rural Blankenfelde-Mahlow Juehnsdorf - m  52308018 13383153 1947 1892-1949 8,76 - 
471 Brandenburg rural Blankenfelde-Mahlow Juehnsdorf - m  52308018 13383153 1947 1892-1949 8,76 - 
472 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- m  52677445 13373545 1949 1892-1949 9,50 - 
473 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- m  52677445 13373545 1949 1892-1949 8,70 - 
474 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- m  52677445 13373545 1949 1892-1949 8,76 - 
475 Brandenburg rural Barnim Eberswalde - m  52822431 13765958 1966 1957-1998 8,45 - 
476 Brandenburg rural Barnim Eberswalde - m  52822431 13765958 1966 1957-1998 8,57 - 
477 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
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478 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel - m  52390323 12517421 1967 1957-1998 8,82 - 
479 Brandenburg rural Havelland Rathenow  - m  52614238 12309726 1969 1957-1998 9,07 - 
480 Brandenburg rural Havelland Ruedersdorf - m  52614238 12309726 1969 1957-1998 7,75 - 
481 Brandenburg rural Havelland Ruedersdorf - m  52614238 12309726 1969 1957-1998 9,13 - 
482 Brandenburg rural Havelland Ruedersdorf - m  52614238 12309726 1969 1957-1998 8,45 - 
483 Brandenburg rural Havelland Ruedersdorf - m  52614238 12309726 1969 1957-1998 8,14 - 
484 Brandenburg rural Barnim Blumberg in Ahrensfelde - m  52604129 13628552 1970 1957-1998 9,13 - 
485 Brandenburg rural Barnim Blumberg in Ahrensfelde - m  52604129 13628552 1970 1957-1998 8,57 - 
486 Brandenburg rural Barnim Blumberg in Ahrensfelde - m  52604129 13628552 1970 1957-1998 8,57 - 
487 Brandenburg rural Barnim Blumberg in Ahrensfelde - m  52604129 13628552 1970 1957-1998 9,25 - 
488 Brandenburg rural Dahme-Spreewald Luckau Umgebung - m  51829331 13703875 1970 1957-1998 9,19 - 
489 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel - m  52390323 12517421 1970 1957-1998 8,39 - 
490 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - m  52416667 14532821 1971 1957-1998 8,01 - 
491 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - m  52416667 14532821 1971 1957-1998 8,63 - 
492 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - m  52416667 14532821 1971 1957-1998 8,82 - 
493 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - m  52416667 14532821 1971 1957-1998 9,01 - 
494 Brandenburg rural Potsdam-Mittelmark Schmerzke in Brandenburg 
an der Havel 
- m  52380398 12583032 1971 1957-1998 8,45 - 
495 Brandenburg rural Barnim Wandlitz Kreis Bernau - m  52748073 13454006 1972 1957-1998 8,32 - 
496 Brandenburg rural Barnim Wandlitz Kreis Bernau - m  52748073 13454006 1972 1957-1998 8,76 - 
497 Brandenburg rural Barnim Wandlitz Kreis Bernau - m  52748073 13454006 1972 1957-1998 8,39 - 
498 Brandenburg rural Barnim Wandlitz Kreis Bernau - m  52748073 13454006 1972 1957-1998 8,26 - 
499 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1972 1957-1998 8,76 - 
500 Brandenburg rural Oberhavel  Schildow-Moenchmuehle - m  52649469 13390917 1972 1957-1998 8,63 - 
501 Brandenburg rural Barnim Wandlitz Kreis Bernau - m  52748073 13454006 1973 1957-1998 8,64 - 
502 Brandenburg rural Oberhavel  Muehlenbeck Kreis 
Oranienburg 
- m  52677445 13373545 1973 1957-1998 8,75 - 
503 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1973 1957-1998 9,07 - 
504 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1973 1957-1998 8,65 - 
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506 Brandenburg rural Potsdam-Mittelmark Ferch bei Potsdam - m  52303267 12913118 1973 1957-1998 8,51 - 
507 Brandenburg rural Dahme-Spreewald Wernsdorf Kreis Koenigs 
Wusterhausen, Wernsdorfer 
See, Protected landscape 
- m  52384542 13713457 1974 1957-1998 8,88 - 
508 Brandenburg rural Potsdam-Mittelmark Muehlenberg in 
Brandenburg an der Havel 
- m  522156 122437 1974 1957-1998 8,71 - 
509 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 8,82 - 
510 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 8,94 - 
511 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 8,51 - 
512 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 9,01 - 
513 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 8,89 - 
514 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 8,77 - 
515 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 8,14 - 
516 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 9,07 - 
517 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1975 1957-1998 9,25 - 
518 Brandenburg rural Oberhavel  Henningsdorf Kreis 
Oranienburg 
- m  52628647 13192213 1975 1957-1998 8,64 - 
519 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1977 1957-1998 9,25 - 
520 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1977 1957-1998 8,51 - 
521 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1977 1957-1998 8,76 - 
522 Brandenburg rural Maerkisch-Oderland Hoenow-Mehrow in 
Hoppegarten 
- m  52575003 13645379 1978 1957-1998 8,88 - 
523 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1978 1957-1998 9,32 - 
524 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1978 1957-1998 8,94 - 
525 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1978 1957-1998 8,81 - 
526 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1978 1957-1998 8,57 - 
527 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1978 1957-1998 7,58 - 
528 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel, 
Rietzer See, natural reserve 
- m  52380060 12662780 1978 1957-1998 9,25 - 
529 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel, 
Rietzer See, natural reserve 
- m  52380060 12662780 1978 1957-1998 8,87 - 
530 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel, 
Rietzer See, natural reserve 
- m  52380060 12662780 1978 1957-1998 8,76 - 
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532 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1979 1957-1998 9,25 - 
533 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1979 1957-1998 7,83 - 
534 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1979 1957-1998 8,81 - 
535 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1979 1957-1998 8,38 - 
536 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1979 1957-1998 8,26 - 
537 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1979 1957-1998 8,45 - 
538 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1979 1957-1998 8,88 - 
539 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1979 1957-1998 8,81 - 
540 Brandenburg rural Potsdam-Mittelmark Brandenburg an der Havel, 
Rietzer See, natural reserve 
- m  52380060 12662780 1979 1957-1998 9,13 - 
541 Brandenburg rural Maerkisch-Oderland Hoppegarten  - m  52491872 13651215 1980 1957-1998 8,88 - 
542 Brandenburg rural Maerkisch-Oderland Hoppegarten  - m  52491872 13651215 1980 1957-1998 8,39 - 
543 Brandenburg rural Maerkisch-Oderland Muencheberg  - m  52515053 14075518 1980 1957-1998 8,63 - 
544 Brandenburg rural Maerkisch-Oderland Muencheberg  - m  52515053 14075518 1980 1957-1998 8,50 - 
545 Brandenburg rural Maerkisch-Oderland Muencheberg  - m  52515053 14075518 1980 1957-1998 9,25 - 
546 Brandenburg rural Maerkisch-Oderland Muencheberg  - m  52515053 14075518 1980 1957-1998 8,88 - 
547 Brandenburg rural Maerkisch-Oderland Muencheberg  - m  52515053 14075518 1980 1957-1998 8,94 - 
548 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1980 1957-1998 7,78 - 
549 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1980 1957-1998 9,01 - 
550 Brandenburg rural Oder-Spree Eisenhuettenstadt - m  52185350 14636756 1980 1957-1998 9,25 - 
551 Brandenburg rural Potsdam-Mittelmark Potsdam (surroundings) - m  52485625 12906010 1980 1957-1998 8,70 - 
552 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - m  52416667 14532821 1981 1957-1998 8,70 - 
553 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 8,20 - 
554 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1981 1957-1998 8,94 - 
555 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1981 1957-1998 8,45 - 
556 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1981 1957-1998 8,01 - 
557 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1981 1957-1998 8,76 - 
558 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
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559 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 8,04 - 
560 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 8,01 - 
561 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 9,07 - 
562 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 9,07 - 
563 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 8,76 - 
564 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 8,57 8,63 
565 Brandenburg rural Oberhavel  Schoenfließ Kreis 
Oranienburg 
- m  52652879 13334172 1981 1957-1998 8,28 - 
566 Brandenburg rural Oberhavel  Schildow, natural reserve - m  52630479 13356897 1981 1957-1998 7,76 - 
567 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1981 1957-1998 9,31 - 
568 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1981 1957-1998 8,82 - 
569 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1982 1957-1998 8,94 - 
570 Brandenburg rural Teltow-Flaeming Sperenberg Kreis Zossen - m  52112979 13392356 1982 1957-1998 7,83 - 
571 Brandenburg rural Teltow-Flaeming Großbeeren - m  52357527 13316374 1982 1957-1998 9,07 8,88 
572 Brandenburg rural Teltow-Flaeming Großbeeren - m  52357527 13316374 1982 1957-1998 8,73 - 
573 Brandenburg rural Teltow-Flaeming Großbeeren - m  52357527 13316374 1982 1957-1998 9,19 - 
574 Brandenburg rural Teltow-Flaeming Großbeeren - m  52357527 13316374 1982 1957-1998 8,82 - 
575 Brandenburg rural Barnim Barnim - m  52993806 13432426 1983 1957-1998 8,32 - 
576 Brandenburg rural Barnim Barnim - m  52993806 13432426 1983 1957-1998 8,39 - 
577 Brandenburg rural Dahme-Spreewald Mittenwalde  - m  52261323 13550104 1983 1957-1998 8,88 - 
578 Brandenburg rural Dahme-Spreewald Mittenwalde  - m  52261323 13550104 1983 1957-1998 9,07 - 
579 Brandenburg rural Oder-Spree Erkner - m  52395934 13763690 1983 1957-1998 8,76 - 
580 Brandenburg rural Oder-Spree Erkner - m  52395934 13763690 1983 1957-1998 8,57 - 
581 Brandenburg rural Oder-Spree Erkner - m  52395934 13763690 1983 1957-1998 8,39 - 
582 Brandenburg rural Teltow-Flaeming Groß Machnow  - m  52273511 13456325 1983 1957-1998 8,70 8,76 
583 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1985 1957-1998 8,89 - 
584 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1985 1957-1998 9,57 - 
585 Brandenburg rural Oder-Spree Gosen Neu-Zittau - m  52381753 13741069 1985 1957-1998 7,96 - 
586 Brandenburg rural Oderspreewald-Lausitz Großkoschen  - m  51491792 14061458 1985 1957-1998 8,07 - 
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588 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1986 1957-1998 8,32 - 
589 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1986 1957-1998 9,25 - 
590 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1986 1957-1998 9,00 - 
591 Brandenburg rural Maerkisch-Oderland Lebus an der Oder - m  52416667 14532821 1986 1957-1998 9,25 - 
592 Brandenburg rural Oder-Spree Fuerstenwalde - m  52359633 14097266 1986 1957-1998 8,07 - 
593 Brandenburg  rural Oder-Spree Gosen - m  52.389.401 13.740.425 1986 1957-1998 8,81 - 
594 Brandenburg rural Barnim Blumberg in Ahrensfelde - m  52623099 13608639 1988 1957-1998 8,01 - 
595 Brandenburg rural Barnim Oderberg - m  52875063 14037063 1990 1957-1998 8,01 - 
596 Brandenburg rural Barnim Oderberg - m  52875063 14037063 1990 1957-1998 5,03 - 
597 Brandenburg rural Barnim Oderberg - m  52875063 14037063 1990 1957-1998 7,70 - 
598 Brandenburg rural Maerkisch-Oderland Schiffmuehle near 
Freienwalde 
- m  52818053 14066846 1990 1957-1998 9,25 - 
599 Brandenburg rural Maerkisch-Oderland Schiffmuehle near 
Freienwalde 
- m  52818053 14066846 1990 1957-1998 8,94 - 
600 Brandenburg rural Teltow-Flaeming Hostfelde in Zossen - m  52213091 13410116 1991 1957-1998 8,88 - 
601 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1993 1957-1998 8,82 - 
602 Brandenburg rural Maerkisch-Oderland Mallnow, natural reserve - m  52465122 14479306 1994 1957-1998 8,69 - 
603 Brandenburg rural Maerkisch-Oderland Ruedersdorf - m  52474314 13820982 1994 1957-1998 9,13 - 
604 Brandenburg rural Maerkisch-Oderland Ruedersdorf - m  52474314 13820982 1994 1957-1998 8,63 - 
605 Brandenburg rural Maerkisch-Oderland Ruedersdorf - m  52474314 13820982 1994 1957-1998 8,88 - 
606 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  53 2221.15 13 404.43 2016 2016-2017 9,01 - 
607 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  54 2221.15 14 404.43 2016 2016-2017 8,51 - 
608 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  55 2221.15 15 404.43 2016 2016-2017 8,39 - 
609 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  56 2221.15 16 404.43 2016 2016-2017 8,20 - 
610 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  57 2221.15 17 404.43 2016 2016-2017 7,76 - 
611 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  58 2221.15 18 404.43 2016 2016-2017 8,32 - 
612 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  59 2221.15 19 404.43 2016 2016-2017 8,51 - 
613 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
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614 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  61 2221.15 21 404.43 2016 2016-2017 8,70 - 
615 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  62 2221.15 22 404.43 2016 2016-2017 9,63 - 
616 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  63 2221.15 23 404.43 2016 2016-2017 8,32 - 
617 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  64 2221.15 24 404.43 2016 2016-2017 8,88 - 
618 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  65 2221.15 25 404.43 2016 2016-2017 8,57 - 
619 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  66 2221.15 26 404.43 2016 2016-2017 8,14 - 
620 Brandenburg rural Uckermark Nordwest Uckermark agricultural 
landscape  
m  67 2221.15 27 404.43 2016 2016-2017 9,01 - 
621 Brandenburg rural Teltow-Flaeming Blankenfelde-Mahlow agricultural 
landscape  
m  52 33.962 13 38.178 2017 2016-2017 9,01 - 
622 Brandenburg rural Teltow-Flaeming Blankenfelde-Mahlow agricultural 
landscape  
m  53 33.962 14 38.178 2017 2016-2017 8,39 - 
623 Brandenburg rural Teltow-Flaeming Blankenfelde-Mahlow agricultural 
landscape  
m  52 33.882 13 38.759 2017 2016-2017 9,44 - 
624 Brandenburg rural Teltow-Flaeming Blankenfelde-Mahlow agricultural 
landscape  






Table C Sample areas within Berlin or Brandenburg of Harpalus rufipes specimens with Region (urban; rural), district, Further sampling site 
information, Habitat if available (urban; agricultural landscape), sex (f = female; m = male), GPS coordinates (latitude; longitude), sampling year, 
time period, measurements of standardized body size in mm (SBL), and repeated SBL measurements in mm of a subset of specimens.  
ID Area Regio
n 




1 Berlin urban Charlottenburg-Wilmersdorf Wilmersdorf - f  52.483.509 13.323.847 1902 1892-1949 13,81 - 
2 Berlin urban Steglitz-Zehlendorf Lichterfelde - f  52.423.976 13.304.580 1915 1892-1949 14,36 - 
3 Berlin urban Pankow Weissensee - f  52.551.483 13.462.153 1918 1892-1949 13,64 - 
4 Berlin urban Spandau Spandau - f  52.556.701 13.179.243 1932 1892-1949 11,81 - 
5 Berlin urban Spandau Spandau - f  52.556.701 13.179.243 1932 1892-1949 12,27 12,1 
6 Berlin urban Marzahn-Hellersdorf Mahldorf - f  52.502.296 13.616.441 1947 1892-1949 13,50 - 
7 Berlin urban Marzahn-Hellersdorf Mahldorf - f  52.502.296 13.616.441 1947 1892-1949 12,64 - 
8 Berlin urban Marzahn-Hellersdorf Mahldorf - f  52.502.296 13.616.441 1947 1892-1949 12,66 - 
9 Berlin urban Marzahn-Hellersdorf Mahldorf - f  52.502.296 13.616.441 1947 1892-1949 12,96 12,96 
10 Berlin urban Pankow Prenzlauer Berg - f  52.538.515 13.429.207 1968 1957-1998 14,17 13,89 
11 Berlin urban Pankow Prenzlauer Berg, Michelangelostrasse  urban f  52.541.894 13.453.781 1969 1957-1998 13,64 13,35 
12 Berlin urban Pankow Weissensee - f  52.551.483 13.462.153 1971 1957-1998 9,97 9,83 
13 Berlin urban Marzahn-Hellersdorf Biesdorf - f  52.510.052 13.559.572 1983 1957-1998 14,34 14,24 
14 Berlin urban Treptow-Koepenik Altglienicke, ruderal area urban f  52.407.085 13.549.346 1994 1957-1998 13,17 - 
15 Berlin urban Mitte Museum fuer Naturkunde, backyard urban f  52.530.377 13.379.298 2017 2016-2017 12,82 - 
16 Berlin urban Mitte Park am Nordbahnhof urban f  52,534,380 13,385,380 2017 2016-2017 12,87 - 
17 Berlin urban Spandau Kladow urban f  52,454,520 13,151,250 2017 2016-2017 13,29 - 
18 Berlin urban Steglitz-Zehlendorf Dueppeler Forst, Schloss Glienicke urban f  52,415,620 13,099,880 2017 2016-2017 12,60 - 
19 Berlin urban Steglitz-Zehlendorf Dueppeler Forst, Schloss Glienicke urban f  52,415,620 13,099,880 2017 2016-2017 12,76 - 
20 Berlin urban Treptow-Koepenick Mueggelheimer Forst, Strandschlossweg urban f  52,438,410 13,616,810 2017 2016-2017 13,78 - 
21 Berlin urban Treptow-Koepenick Mueggelheimer Forst, Strandschlossweg urban f  52,438,410 13,616,810 2017 2016-2017 13,89 - 
22 Berlin urban Charlottenburg-Wilmersdorf Grunewald - m  52.484.574 13.232.175 1901 1892-1949 12,49 - 
23 Berlin urban Treptow-Koepenik Treptow - m  52.420.743 13.687.577 1902 1892-1950 12,82 - 
24 Berlin urban Tempelhof-Schoeneberg Schoeneberg - m  52.468.257 13.353.439 1904 1892-1951 12,04 - 
25 Berlin urban Charlottenburg-Wilmersdorf Wilmersdorf - m  52.483.509 13.323.847 1905 1892-1952 13,04 - 











27 Berlin urban Pankow Heinersdorf - m  52.564.925 13.437.875 1906 1892-1954 12,95 - 
28 Berlin urban Steglitz-Zehlendorf Lichterfelde - m  52.422.301 13.294.281 1915 1892-1955 13,42 - 
29 Berlin urban Pankow Weissensee - m  52.551.483 13.462.153 1918 1892-1956 11,88 - 
30 Berlin urban Pankow Weissensee - m  52.551.483 13.462.153 1918 1892-1957 12,91 - 
31 Berlin urban Steglitz-Zehlendorf Lankwitz - m  52.431.371 13.348.350 1921 1892-1958 13,25 - 
32 Berlin urban Spandau Spandau - m  52.556.701 13.179.243 1924 1892-1959 11,41 - 
33 Berlin urban Spandau Spandau - m  52.556.701 13.179.243 1932 1892-1960 13,13 - 
34 Berlin urban Spandau Spandau - m  52.556.701 13.179.243 1932 1892-1961 11,62 - 
35 Berlin urban Charlottenburg-Wilmersdorf Ploetzensee in Charlottenburg Nord - m  52.546.897 13.326.506 1935 1892-1962 13,11 13,19 
36 Berlin urban Reinickendorf  Reinickendorf  - m  52.592.194 13.292.438 1936 1892-1963 13,29 - 
37 Berlin urban Pankow Weissensee - m  52.551.483 13.462.153 1946 1892-1964 10,71 - 
38 Berlin urban Pankow Weissensee - m  52.551.483 13.462.153 1946 1892-1965 13,25 - 
39 Berlin urban Marzahn-Hellersdorf Mahldorf - m  52.502.296 13.616.441 1947 1892-1966 11,51 11,55 
40 Berlin urban Marzahn-Hellersdorf Mahldorf - m  52.502.296 13.616.441 1947 1892-1967 12,43 - 
41 Berlin urban Marzahn-Hellersdorf Mahldorf - m  52.502.296 13.616.441 1947 1892-1968 13,48 - 
42 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.052 13.559.572 1967 1957-1998 12,33 - 
43 Berlin urban Pankow Prenzlauer Berg - m  52.538.515 13.429.207 1968 1957-1998 13,09 12,88 
44 Berlin urban Marzahn-Hellersdorf Biesdorf - m  52.510.052 13.559.572 1969 1957-1998 12,49 12,6 
45 Berlin urban Reinickendorf Tegel - m  52.596.216 13.280.867 1978 1957-1998 13,13 - 
46 Berlin urban Reinickendorf Tegel - m  52.596.216 13.280.867 1978 1957-1998 13,63 - 
47 Berlin urban Reinickendorf Wittenau, garden plot urban m  52.593.839 13.311.081 1979 1957-1998 12,15 12,45 
48 Berlin urban Reinickendorf Wittenau, garden plot urban m  52.593.839 13.311.081 1988 1957-1998 13,29 - 
49 Berlin urban Reinickendorf Wittenau, garden plot urban m  52.593.839 13.311.081 1988 1957-1998 12,56 - 
50 Berlin urban Reinickendorf Wittenau, garden plot urban m  52.593.839 13.311.081 1988 1957-1998 13,67 - 
51 Berlin urban Treptow-Koepenik Treptow - m  52.420.743 13.687.577 1993 1957-1998 12,56 12,74 
52 Berlin urban Mitte Park at Nordbahnhof urban m  52,534,380 13,385,380 2017 2016-2017 11,18 - 
53 Berlin urban Mitte Park at Nordbahnhof urban m  52,534,380 13,385,380 2017 2016-2017 11,76 - 
54 Berlin urban Mitte Tiergarten urban m  52,514,260 13,375,760 2017 2016-2017 10,99 - 












56 Berlin urban Pankow Buch urban m  52,630,440 13,484,280 2017 2016-2017 10,71 - 
57 Berlin urban Reinickendorf Tegeler Forst, Tegeler See urban m  52,582,650 13,247,260 2017 2016-2017 10,67 - 
58 Berlin urban Reinickendorf Tegeler Forst, Tegeler See urban m  52,582,650 13,247,260 2017 2016-2017 11,76 - 
59 Berlin urban Spandau Kladow urban m  52,454,520 13,151,250 2017 2016-2017 12,64 - 
60 Berlin urban Spandau Kladow urban m  52,454,520 13,151,250 2017 2016-2017 13,03 - 
61 Berlin urban Steglitz-Zehlendorf Dueppeler Forst, Schloss Glienicke urban m  52,415,620 13,099,880 2017 2016-2017 12,58 - 
62 Berlin urban Treptow-Koepenick Adlershof, Fritz Lesch Sportplatz urban m  52,439,550 13,555,840 2017 2016-2017 12,15 - 
63 Brandenbur
g 
rural Oberhavel Sonnenberg bei Gransee - f 52.994.294 13.076.189 1892 1892-1949 12,50 - 
64 Brandenbur
g 
rural Havelland Nauen - f 52.597.978 13.076.190 1910 1892-1949 13,52 - 
65 Brandenbur
g 
rural Havelland Nauen - f 52.597.978 13.076.191 1910 1892-1949 13,35 - 
66 Brandenbur
g 
rural Havelland Brieselang - f 52.591.817 13.076.192 1924 1892-1949 12,99 - 
67 Brandenbur
g 
rural Havelland Brieselang - f 52.591.817 13.076.193 1924 1892-1949 13,09 - 
68 Brandenbur
g 
rural Havelland Nauen - f 52.597.978 13.076.194 1924 1892-1949 11,98 - 
69 Brandenbur
g 
rural Havelland Nauen - f 52.597.978 13.076.195 1927 1892-1949 14,05 - 
70 Brandenbur
g 
rural Havelland Brieselang - f 52.591.817 13.076.196 1942 1892-1949 11,61 - 
71 Brandenbur
g 
rural Havelland Finkenkrug in Falkensee - f 52.560.357 13.076.197 1942 1892-1949 13,68 13,91 
72 Brandenbur
g 
rural Barnim Roentgental - f 52.644.123 13.076.198 1946 1892-1949 14,17 - 
73 Brandenbur
g 
rural Barnim Wandlitz Kreis Bernau - f 52.756.385 13.076.199 1972 1957-1998 14,07 13,95 
74 Brandenbur
g 
rural Dahme-Spreewald Koenigs Wusterhausen, Wernsdofer See, 
natural reserve 
- f 52.385.459 13.076.200 1974 1957-1998 12,51 12,35 
75 Brandenbur
g 
rural Dahme-Spreewald Koenigs Wusterhausen, Wernsdofer See, 
natural reserve 
- f 52.385.459 13.076.201 1977 1957-1998 13,56 - 
76 Brandenbur
g 
rural Dahme-Spreewald Koenigs Wusterhausen, Wernsdofer See, 
natural reserve 
- f 52.385.459 13.076.202 1980 1957-1998 13,72 13,91 
77 Brandenbur
g 
rural Oder-Spree Frankfurt an der Oder (Bezirk) - f 52.272.963 13.076.203 1980 1957-1998 12,95 - 
78 Brandenbur
g 
rural Teltow-Flaeming Kallinchen in Zossen - f 52.209.976 13.076.204 1981 1957-1998 15,21 - 
79 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape 













rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 13,52 - 
81 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 12,84 - 
82 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 14,05 - 
83 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 14,11 - 
84 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 14,25 - 
85 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 12,31 - 
86 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 13,91 - 
87 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 12,24 - 
88 Brandenbur
g 
rural Uckermark Nordwest Uckermark agricultura
l landscape
f 53.222.115 13.404.430 2016 2016-2017 13,39 - 
89 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 12,50 - 
90 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 13,25 - 
91 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 14,17 - 
92 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 12,70 - 
93 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 13,85 - 
94 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 12,64 - 
95 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 13,56 - 
96 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 13,03 - 
97 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 14,21 - 
98 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
f 52.535.274 13.802.022 2017 2016-2017 13,70 - 
99 Brandenbur
g 
rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape
















rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
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rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Nordwestuckermark Arendsee agricultura
l landscape 





rural Nordwestuckermark Fuerstenwerder agricultura
l landscape 















rural Nordwestuckermark Arendsee agricultura
l landscape









































































































rural Dahme-Spreewald Koenigs Wusterhausen, Wernsdofer See, 
natural reserve 
















rural Dahme-Spreewald Koenigs Wusterhausen, Wernsdofer See, 
natural reserve 










rural Dahme-Spreewald Koenigs Wusterhausen, Wernsdofer See, 
natural reserve 















rural Uckermark Nordwest Uckermark agricultura
l landscape 





rural Uckermark Nordwest Uckermark agricultura
l landscape 





rural Uckermark Nordwest Uckermark agricultura
l landscape 





rural Uckermark Nordwest Uckermark agricultura
l landscape 





rural Uckermark Nordwest Uckermark agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape 















rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Maerkisch-Oderland Fredersdorf-Vogeldorf agricultura
l landscape





rural Nordwestuckermark Arendsee agricultura
l landscape





rural Nordwestuckermark Fuerstenwerder agricultura
l landscape





rural Nordwestuckermark Fuerstenwerder agricultura
l landscape






Table D1 Nitrogen and Carbon stable isotope measurements of Harpalus affinis’ legs with sex (m = male; f = female), sampling region (Berlin; 
Brandenburg), habitat (urban; agricultural landscape), sampling district, further sampling site information, GPS coordinates (latitude; longitude), 
sampling year. Measurements of stable isotopes with weight of leg tissue in mg (weight), delta 15N/14N values (d 15 N / 14 N), mg of nitrogen per 
sample (mg N / sample), amount of nitrogen in % (% N), delta 13C/12C values (d 13 C / 12 C), mg of nitrogen per sample (mg C / sample), amount 
of carbon in % (% C).  
No Sex Region Habitat District Further sampling site 
information 
Latitude Longitude Year Legs 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 
1 m  Berlin urban Treptow-
Koepenick 
Krummendammer Heide 52,46215 13,63198 2017 1,426 2,569 0,164 11,519 -27,038 0,706 49,520 
2 m  Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 0,619 3,278 0,063 10,162 -26,267 0,337 54,409 
3 m  Berlin urban Tempelhof-
Schoeneberg 
Park am Gleisdreieck, 
Flaschenhalspark 
52,48854 13,37276 2017 0,868 1,212 0,102 11,704 -20,717 0,445 51,272 
4 m  Berlin urban Steglitz-
Zehlendorf 
Dueppeler Forst, Schloss 
Glienicke 
52,41562 13,09988 2017 0,698 2,761 0,075 10,816 -25,621 0,350 50,155 
5 m  Berlin urban Mitte Tiergarten 52,51451 13,37353 2017 1,478 3,076 0,166 11,217 -26,359 0,743 50,296 
6 f  Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 0,900 -1,925 0,103 11,460 -24,951 0,451 50,065 
7 f  Berlin urban Tempelhof-
Schoeneberg 
Tempelhofer Feld 52,47541 13,40603 2017 1,361 4,111 0,159 11,650 -26,156 0,700 51,449 
8 f  Berlin urban Charlottenburg-
Wilmersdorf 
Grunewald, Am Postfenn 52,50058 13,22444 2017 0,801 -0,308 0,082 10,204 -26,941 0,359 44,879 
9 f  Berlin urban Treptow-
Koepenick 
AS Stubenrauchstrasse 52,43429 13,49902 2017 1,287 5,394 0,137 10,659 -26,86 0,700 54,371 
10 f  Berlin urban Pankow Karow 52,61662 13,44811 2017 1,242 3,725 0,132 10,650 -26,56 0,687 55,340 




Basedow, Prenzlau 53222115 13404430 2016 1,063 4,836 0,094 8,805 -26,962 0,565 53,135 




Basedow, Prenzlau 53222115 13404430 2016 0,988 5,657 0,092 9,278 -26,31 0,380 38,486 




Falkenhagen 53207460 13443270 2017 1,340 8,162 0,157 11,719 -25,82 0,689 51,441 




Falkenhagen 53207460 13443270 2017 0,829 -2,988 0,095 11,471 -22,423 0,440 53,065 




Guestow 53206110 13459430 2017 1,647 6,682 0,191 11,577 -26,868 0,841 51,034 




Arendsee 53203340 13393300 2017 1,202 5,808 0,142 11,852 -26,836 0,609 50,631 




Arendsee 53203340 13393300 2017 
  
1,239 7,489 0,147 11,878 -25,578 0,636 51,355 









No Sex Region Habitat District Further sampling site 
information 
Latitude Longitude Year Legs 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 




Basedow, Prenzlau 53222115 13404430 2016 0,792 6,376 0,090 11,399 -22,806 0,406 51,226 










Table D2 Nitrogen and Carbon stable isotope measurements of Harpalus affinis’ cuticula with sex (m = male; f = female), sampling region (Berlin; 
Brandenburg), habitat (urban; agricultural landscape), sampling district, further sampling site information, GPS coordinates (latitude; longitude), 
sampling year. Measurements of stable isotopes with weight of cuticula tissue in mg (weight), delta 15N/14N values (d 15 N / 14 N), mg of nitrogen 
per sample (mg N / sample), amount of nitrogen in % (% N), delta 13C/12C values (d 13 C / 12 C), mg of nitrogen per sample (mg C / sample), amount 
of carbon in % (% C).  
No Sex Region Habitat District Further sampling 
site information 
Latitude Longitude Year Cuticula 
weight  d 15 N / 14 N Mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 




52,46215 13,63198 2017 1,524 3,149 0,163 10,713 -26,785 0,757 49,650 
2 m  Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 1,361 2,479 0,139 10,242 -26,161 0,719 52,809 





52,48854 13,37276 2017 0,638 0,639 0,068 10,614 -22,118 0,326 51,079 




52,41562 13,09988 2017 1,142 2,663 0,119 10,416 -25,68 0,576 50,472 
5 m  Berlin urban Mitte Tiergarten 52,51451 13,37353 2017 1,497 3,015 0,152 10,137 -26,46 0,802 53,586 
6 f  Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 0,749 -2,438 0,079 10,497 -25,542 0,391 52,242 
7 f  Berlin urban Tempelhof-
Schoeneberg 
Tempelhofer Feld 52,47541 13,40603 2017 1,347 4,157 0,143 10,612 -25,578 0,710 52,726 




52,50058 13,22444 2017 0,745 -0,906 0,078 10,455 -27,353 0,393 52,759 




52,43429 13,49902 2017 0,967 5,532 0,102 10,521 -26,539 0,526 54,424 
10 f  Berlin urban Pankow Karow 52,61662 13,44811 2017 0,978 6,100 0,099 10,112 -26,772 0,535 54,734 




Basedow, Prenzlau 53222115 13404430 2016 1,310 4,169 0,122 9,346 -25,869 0,714 54,491 




Basedow, Prenzlau 53222115 13404430 2016 0,962 7,209 0,156 16,201 -25,949 0,761 79,157 




Falkenhagen 53207460 13443270 2017 1,448 5,886 0,107 7,395 -26,106 0,466 32,157 




Falkenhagen 53207460 13443270 2017 0,917 -3,168 0,096 10,429 -26,671 0,493 53,730 




Guestow 53206110 13459430 2017 1,278 6,440 0,133 10,370 -26,774 0,667 52,204 




Arendsee 53203340 13393300 2017 0,944 6,623 0,105 11,120 -26,803 0,487 51,541 










No Sex Region Habitat District Further sampling 
site information 
Latitude Longitude Year Cuticula 
weight  d 15 N / 14 N Mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 




Basedow, Prenzlau 53222115 13404430 2016 1,109 6,126 0,123 11,077 -28,03 0,583 52,597 




Basedow, Prenzlau 53222115 13404430 2016 1,392 7,380 0,137 9,818 -23,76 0,782 56,143 










Table D3 Nitrogen and Carbon stable isotope measurements of Harpalus affinis’ muscles with sex (m = male; f = female), sampling region (Berlin; 
Brandenburg), habitat (urban; agricultural landscape), sampling district, further sampling site information, GPS coordinates (latitude; longitude), 
sampling year. Measurements of stable isotopes with weight of muscles tissue in mg (weight), delta 15N/14N values (d 15 N / 14 N), mg of nitrogen 
per sample (mg N / sample), amount of nitrogen in % (% N), delta 13C/12C values (d 13 C / 12 C), mg of nitrogen per sample (mg C / sample), amount 
of carbon in % (% C).  
No Sex Region Habitat District Further sampling 
site information 
Latitude Longitude Year Muscles 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 




52,46215 13,63198 2017 - - - - - - - 
2 m  Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 0,137 5,082 0,014 10,266 -25,130 0,067 48,990 





52,48854 13,37276 2017 0,157 4,164 0,021 13,103 -25,869 0,078 49,614 




52,41562 13,09988 2017 - - - - - - - 
5 m  Berlin urban Mitte Tiergarten 52,51451 13,37353 2017 0,625 4,534 0,066 10,529 -25,686 0,321 51,334 
6 f  Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 0,158 1,605 0,017 10,680 -22,077 0,071 44,804 
7 f  Berlin urban Tempelhof-
Schoeneberg 
Tempelhofer Feld 52,47541 13,40603 2017 0,419 6,754 0,041 9,856 -26,597 0,183 43,761 




52,50058 13,22444 2017 - - - - - - - 




52,43429 13,49902 2017 - - - - - - - 
10 f  Berlin urban Pankow Karow 52,61662 13,44811 2017 - - - - - - - 




Basedow, Prenzlau 53222115 13404430 2016 0,478 6,484 0,048 10,009 -26,963 0,255 53,362 




Basedow, Prenzlau 53222115 13404430 2016 0,482 5,538 0,053 10,916 -25,723 0,240 49,783 




Falkenhagen 53207460 13443270 2017 0,346 9,172 0,046 13,294 -25,282 0,161 46,594 




Falkenhagen 53207460 13443270 2017 0,552 -0,479 0,067 12,202 -23,769 0,279 50,611 




Guestow 53206110 13459430 2017 0,413 8,222 0,055 13,272 -25,757 0,204 49,478 




Arendsee 53203340 13393300 2017 0,48 7,365 0,064 13,305 -26,302 0,231 48,215 









No Sex Region Habitat District Further sampling 
site information 
Latitude Longitude Year Muscles 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 




Basedow, Prenzlau 53222115 13404430 2016 0,234 5,333 0,030 12,612 -25,662 0,121 51,881 




Basedow, Prenzlau 53222115 13404430 2016 - - - - - - - 










Table D4 Nitrogen and Carbon stable isotope measurements of Harpalus rufipes’ legs with sex (m = male; f = female), sampling region (Berlin; 
Brandenburg), habitat (urban; agricultural landscape), sampling district, further sampling site information, GPS coordinates (latitude; longitude), 
sampling year. Measurements of stable isotopes with weight of leg tissue in mg (weight), delta 15N/14N values (d 15 N / 14 N), mg of nitrogen per 
sample (mg N / sample), amount of nitrogen in % (% N), delta 13C/12C values (d 13 C / 12 C), mg of nitrogen per sample (mg C / sample), amount of 
carbon in % (% C).  
No Sex Region Habitat District Further sampling site 
information 
Latitude Longitude Year Legs 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C /  
sample 
% C 




52,43841 13,61681 2017 1,436 3,508 0,133 9,268 -33,521 0,810 56,421 




52,41562 13,09988 2017 1,382 2,96 0,152 11,011 -27,111 0,723 52,288 
23 f Berlin urban Mitte Park am Nordbahnhof 52,53438 13,38538 2017 1,750 7,365 0,192 10,947 -14,086 0,884 50,511 




52,41562 13,09988 2017 1,336 2,418 0,150 11,231 -23,952 0,683 51,093 
25 f Berlin urban Spandau Kladow 52,45452 13,15125 2017 1,414 5,53 0,114 8,077 -28,11 0,779 55,098 
26 m Berlin urban Reinickendorf Tegeler Forst, Tegeler 
See 
52,58265 13,24726 2017 0,760 8,029 0,086 11,271 -28,194 0,370 48,663 
27 m Berlin urban Pankow Buch 52,63044 13,48428 2017 1,601 8,262 0,185 11,552 -25,576 0,805 50,300 
28 m Berlin urban Spandau Kladow 52,45452 13,15125 2017 1,355 5,422 0,156 11,531 -27,646 0,690 50,932 
29 m Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 1,228 2,632 0,140 11,417 -27,132 0,614 49,986 
30 m Berlin urban Spandau Kladow 52,45452 13,15125 2017 1,237 5,186 0,139 11,267 -27,156 0,626 50,618 




Falkenhagen 53207460 13443270 2017 1,020 7,75 0,115 11,286 -25,327 0,498 48,848 




Falkenhagen 53207460 13443270 2017 1,858 8,123 0,214 11,518 -24,412 0,915 49,269 




Guestow 53206110 13459430 2017 1,617 7,973 0,177 10,938 -19,796 0,824 50,960 




Basedow, Prenzlau 53222115 13404430 2016 1,879 7,015 0,222 11,796 -27,763 0,944 50,217 




Basedow, Prenzlau 53222115 13404430 2016 1,662 5,599 0,197 11,830 -16,437 0,853 51,341 




Guestow 53206110 13459430 2017 2,107 8,876 0,243 11,514 -28,275 1,101 52,231 




Arendsee 53203340 13393300 2017 1,720 5,644 0,204 11,850 -27,166 0,890 51,755 









No Sex Region Habitat District Further sampling site 
information 
Latitude Longitude Year Legs 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C /  
sample 
% C 




Basedow, Prenzlau 53222115 13404430 2016 1,062 6,279 0,124 11,699 -21,219 0,543 51,100 









Table D5 Nitrogen and Carbon stable isotope measurements of Harpalus rufipes’ cuticula with sex (m = male; f = female), sampling region (Berlin; 
Brandenburg), habitat (urban; agricultural landscape), sampling district, further sampling site information, GPS coordinates (latitude; longitude), 
sampling year. Measurements of stable isotopes with weight of cuticula tissue in mg (weight), delta 15N/14N values (d 15 N / 14 N), mg of nitrogen 
per sample (mg N / sample), amount of nitrogen in % (% N), delta 13C/12C values (d 13 C / 12 C), mg of nitrogen per sample (mg C / sample), amount 
of carbon in % (% C).  







d 15 N / 14 
N 
mg N / 
sample 
% N d 13 C / 12 
C 
mg C / 
sample 
% C 





52,43841 13,61681 2017 1,692 3,215 0,137 8,105 -33,072 0,977 57,723 




52,41562 13,09988 2017 0,935 2,853 0,098 10,459 -26,802 0,458 48,956 
23 f Berlin urban Mitte Park am 
Nordbahnhof 
52,53438 13,38538 2017 1,774 7,507 0,152 8,558 -15,827 0,998 56,243235
6 




52,41562 13,09988 2017 1,401 3,286 0,147 10,460 -24,249 0,697 49,749 
25 f Berlin urban Spandau Kladow 52,45452 13,15125 2017 1,410 5,260 0,107 7,555 -27,923 0,802 56,906 




52,58265 13,24726 2017 1,018 2,871 0,097 9,528 -28,849 0,528 51,867 
27 m Berlin urban Pankow Buch 52,63044 13,48428 2017 1,293 8,167 0,134 10,334 -25,084 0,643 49,763 
28 m Berlin urban Spandau Kladow 52,45452 13,15125 2017 1,234 5,676 0,110 8,954 -28,11 0,664 53,848 
29 m Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 1,075 3,143 0,115 10,713 -26,54 0,553 51,422 




























































d 15 N / 14 
N 
mg N / 
sample 
% N d 13 C / 12 
C 





























Table D6 Nitrogen and Carbon stable isotope measurements of Harpalus rufipes’ muscles with sex (m = male; f = female), sampling region (Berlin; 
Brandenburg), habitat (urban; agricultural landscape), sampling district, further sampling site information, GPS coordinates (latitude; longitude), 
sampling year. Measurements of stable isotopes with weight of muscle tissue in mg (weight), delta 15N/14N values (d 15 N / 14 N), mg of nitrogen 
per sample (mg N / sample), amount of nitrogen in % (% N), delta 13C/12C values (d 13 C / 12 C), mg of nitrogen per sample (mg C / sample), amount 
of carbon in % (% C).  
No Sex Region Habitat District Further sampling site 
information 
Latitude Longitude Year Muscles 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 




52,43841 13,61681 2017 0,378 2,807 0,029 7,549 -32,459 0,198 52,334 




52,41562 13,09988 2017 1,243 2,673 0,139 11,191 -27,115 0,656 52,798 
23 f Berlin urban Mitte Park am Nordbahnhof 52,53438 13,38538 2017 0,528 7,942 0,038 7,221 -16,344 0,246 46,614 




52,41562 13,09988 2017 1,493 3,132 0,143 9,552 -24,537 0,612 41,022 
25 f Berlin urban Spandau Kladow 52,45452 13,15125 2017 0,321 6,043 0,015 4,687 -26,444 0,094 29,295 
26 m Berlin urban Reinickendorf Tegeler Forst, Tegeler 
See 
52,58265 13,24726 2017 0,834 3,038 0,030 3,656 -28,005 0,139 16,709 
27 m Berlin urban Pankow Buch 52,63044 13,48428 2017 0,434 8,777 0,054 12,443 -24,589 0,203 46,793 
28 m Berlin urban Spandau Kladow 52,45452 13,15125 2017 1,115 5,660 0,108 9,698 -27,985 0,609 54,620 
29 m Berlin urban Mitte Tiergarten 52,51426 13,37576 2017 0,509 4,601 0,066 12,954 -25,195 0,239 46,864 
30 m Berlin urban Spandau Kladow 52,45452 13,15125 2017 1,369 5,504 0,159 11,583 -26,538 0,676 49,407 




Falkenhagen 53207460 13443270 2017 0,655 8,845 0,084 12,843 -24,862 0,311 47,522 




Falkenhagen 53207460 13443270 2017 0,948 8,452 0,111 11,663 -24,223 0,406 42,796 




Guestow 53206110 13459430 2017 0,470 7,558 0,057 12,197 -25,314 0,210 44,780 




Basedow, Prenzlau 53222115 13404430 2016 0,749 7,167 0,083 11,019 -26,929 0,290 38,739 




Basedow, Prenzlau 53222115 13404430 2016 1,100 7,836 0,142 12,882 -17,743 0,541 49,154 




Guestow 53206110 13459430 2017 0,625 9,265 0,076 12,195 -27,318 0,291 46,542 




Arendsee 53203340 13393300 2017 0,918 6,244 0,118 12,841 -26,333 0,450 49,062 









No Sex Region Habitat District Further sampling site 
information 
Latitude Longitude Year Muscles 
weight  d 15 N / 14 N mg N / 
sample 
% N d 13 C / 12 C mg C / 
sample 
% C 




Basedow, Prenzlau 53222115 13404430 2016 0,362 7,254 0,046 12,611 -22,557 0,167 46,096 




Basedow, Prenzlau 53222225 13404430 2016 1,169 7,556 0,148 12,662 -21,741 0,545 46,639 
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6.3 Supplementary material: Paper 3 
Spatio-temporal color differences between urban and rural populations of a 
ground beetle during the last 100 years 
Keinath, S., Frisch, J., Müller, J., Mayer, F., and Rödel, M.-O. (2020). Spatio-temporal color 
differences between urban and rural populations of a ground beetle during the last 100 years. 
Frontiers in Ecology and Evolution – Urban Ecology, 7, Art. 525. 
https://doi.org/10.3389/fevo.2019.00525.  
Appendix A: Sample areas within Berlin or Brandenburg with districts, types of regions, habitats (if assessable) and GPS coordinates of 546 
Harpalus affinis specimens from the collections of the Museum für Naturkunde, Berlin and 114 recently collected specimens, spanning the 
times from 1892 to 2017, including 267 females and 393 males. 
Number of 
individuals 
Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
16 Berlin Altglienicke, Ruderal area Urban Urban 1993 52 2442.33 13.3237.36 
3 Berlin Berlin-Mitte Urban Urban 1901 52 320.67 13 2331.95 
1 Berlin Berlin-Mitte, Tiergarten Urban Urban 2017 52 51.426 13 37.576 
13 Berlin Biesdorf Urban - 1966; 1967; 
1969; 1975; 
1979 
51 302641 13 342059 
10 Berlin Biesdorf, Rubble mountain Urban - 1969 52 2944.66 13 3527.70 
2 Berlin Pankow, Buch Urban - 1919 13 48.428 52 63.044 
1 Berlin Friedrichsfelde, Tierpark Urban Urban 1971 52 306.87 13 3151.70 
2 Berlin Friedrichshagen, Meadow Urban - 1978 52 274.95 13 3636.87 
1 Berlin Friedrichshain-Kreuzberg, Pankow, Lichtenberg, 
Marzahn-Hellersdorf, Landsberger Allee 
Urban Urban 1987 52 326.32 13 3041.27 
1 Berlin Gosen, Wernsdorfer See Urban - 1986 52 232.97 13 4213.67 
22 Berlin Gruenau Urban - 1906; 1907; 
1909 





Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
16 Berlin Hellersdorf, Kienberg Urban - 1986; 1987 52 324.71 13 3452.95 
3 Berlin Hellersdorf, Sewage farm Urban Urban 1968 52 3452.64 13 335.63 
1 Berlin Hohenschoenhausen Urban - 1987 52 335.88 13 2938.45 
3 Berlin Johannistal, Ruderal area Urban Urban 1993; 1994 52 2616.88 13 3047.05 
2 Berlin Kaulsdorf Urban - 1943; 1972 52 301.06 13 3519.13 
1 Berlin Kaulsdorf, Schuttplatte Urban - 1968 52 2842.30 13 3438.87 
1 Berlin Koepenick, Railroad embankment Wuhlheide Urban Urban 1972 52 2716.65 13 3332.38 
2 Berlin Lichtenberg, Fennpfuhl Urban - 1975 52 3139.97 13 2829.75 
2 Berlin Lichtenberg, Landsberger Allee Urban Urban 1976 52 321.76 13 2947.67 
5 Berlin Lichtenberg, Malchower See Urban - 1977; 1980 52 3420.69 13 2915.29 
2 Berlin Lichtenberg, Rummelsburg Urban - 1976 52 2956.85 13 2911.37 
2 Berlin Lichtenrade Urban - 1909 52 2410.02 13 229.71 
10 Berlin Lichterfelde, Groß Lichterfelde Urban - 1904; 1908; 
1915 




Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
19 Berlin Mahlsdorf Urban - 1947; 1992 52 3010.24 13 3612.61 
3 Berlin Marienfelde, Dumpsite Urban - 1971; 1980 52 2448.77 13 2312.55 
4 Berlin Marienfelde, Meadow Urban - 1973 52 2420.53 13 222.28 
2 Berlin Neukoelln, Ruderal area Urban Urban 1993 52 2541.76 13 2540.11 
1 Berlin Neukoelln, Sports field Urban Urban 1994 52 2541.71 13 2324.78 
4 Berlin Pankow Urban - 1977 52 3526.50 13 2554.12 
1 Berlin Pankow, Blankenburg Urban - 1994 52 63.390 13 39.376 
6 Berlin Pankow, Heinersdorf Urban - 1977; 1979 52 3354.21 13 2555.86 
1 Berlin Pankow, Niederschoenhausen Urban - 1977 52 351.06 13 2420.87 




52 329.74 13 2743.16 





Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
9 Berlin Reinickendorf, Wittenau, Garden plot Urban Urban 1979; 1981; 
1984; 1988 
52 3532.84 13 1946.90 
2 Berlin Spandau Urban - 1901 52 326.67 13 121.07 
1 Berlin Spandau, Flur Seeburg Urban - 1934 52 3121.86 13 1035.68 
4 Berlin Spandau, Hahneberg Urban - 1993 52 3118.00 13 815.00 
1 Berlin Staaken, Spandau Urban - 1937 52 327.12 13 831.28 
1 Berlin Steglitz Urban - 1906 52 2722.92 13 1956.99 
1 Berlin Tempelhof, Felixstraße Urban Urban 1957 52 2746.75 13 2340.18 
8 Berlin Treptow Urban - 1902; 1909 52 2513.28 13 3712.08 
1 Berlin Treptow, Ruderal area Urban Urban 1993; 1994 52 2754.03 13 3319.41 
1 Berlin Treptow, Treptower Park  Urban - 1998 52 2917.71 13 288.60 




Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
6 Berlin Weissensee Urban - 1913; 1918; 
1927; 1943; 
1944 
52 3311.25 13 2732.00 
6 Berlin Weissensee, Falkenbergstrasse Urban Urban 1971 52 3320.42 13 2835.93 
3 Berlin Wilmersdorf Urban - 1905 52 2933.70 13 1923.85 
2 Berlin Wuhlheide Urban - 1935; 1936 52 2743.86 13 3213.03 
1 Berlin Zehlendorf Urban - 1913 52 2716.40 13 405.74 
2 Berlin Treptow-Koepenick, Krummendammer Heide Urban - 2017 52 46.215 13 63.198 
2 Berlin Charlottenburg-Wilmersdorf, Heerstrasse Urban Urban 2017 52 50.828 13 25.248 
2 Berlin Tempelhof-Schoeneberg, Park am Gleisbereich, 
Flaschenhalspark 
Urban Urban 2017 52 48.854 13 37.276 
2 Berlin Steglitz-Zehlendorf, Dueppeler Forst, Schloss 
Glienicke 
Urban - 2017 52 2446.01 13 547.29 





Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
3 Berlin Charlottenburg-Wilmersdorf, Grunewald, Am 
Postfenn 
Urban - 2017 52 50.058 13 22.444 
2 Berlin Mitte, Tiergarten Urban Urban 2017 52 51.451 13 37.353 
7 Berlin Berlin-Mitte, Tiergarten Urban Urban 2017 52 51.426 13 37.576 
1 Berlin Pankow, Blankenfelde Urban - 2017 52 63.390 13 39.376 
2 Berlin Spandau, Gatow Urban - 2017 52 47.737 13 12.965 
4 Berlin Pankow, Kladow Urban - 2017 52 61.662 13 44.811 
9 Berlin Tempelhof-Schoeneberg, Tempelhofer Feld Urban - 2017 52 47.541 13 40.603 
1 Berlin Neukoelln, Fritz-Erler-Allee Urban Urban 2017 52 43.653 13 45.144 
1 Berlin Treptow-Koepenick, Stubenrauchstrasse Urban Urban 2017 52 43.429 13 49.902 
1 Brandenburg Ahrensfelde Rural - 1970 52 3454.19 13 3429.25 




Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
1 Brandenburg Barnim Rural - 1983 52 5126.80 13 4159.39 
2 Brandenburg Barnim, Werbellinsee Rural - 1983 52 5526.4 13 4347.47 
1 Brandenburg Basdorf Rural - 1971 52 438.92 13 265.73 
1 Brandenburg Bernau Rural - 1919 52 4126.48 13 3425.04 
9 Brandenburg Blumberg Rural - 1970; 1975; 
1988 
52 3615.08 13 3741.00 
9 Brandenburg Brandenburg an der Havel Rural - 1967; 1970 52 2314.12 12 327.61 
14 Brandenburg Brandenburg an der Havel, Rietzer See, Natural 
reserve 
Rural Near natural 1978; 1979 52 2239.59 12 3837.63 
1 Brandenburg Bredow Rural - 1930 52 359.42 12 5544.16 
5 Brandenburg Brieselang Rural - 1921; 1923; 
1924; 1927 
52 344792 12 5859.21 
1 Brandenburg Brieselang, Bredower Forst Rural - 1941 52 3423.84 13 22.33 





Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
1 Brandenburg Chorin Rural - 1949 52 5428.74 13 5228.72 
1 Brandenburg Cottbus, Hoyerswerda, Inland dunes Rural - 1987 51 278.20 14 1624.21 
2 Brandenburg Dueberitz Rural - 1923; 1924 52 3212.05 13 224.07 
2 Brandenburg Eberswalde Rural - 1966 52 4938.67 13 5142.25 
1 Brandenburg Egsdorf, Teupitzer See Rural - 1970 52 815.92 13 3718.10 
1 Brandenburg Eisenhuettenstadt Rural - 1980 52 729.95 14 3826.17 
6 Brandenburg Erkner Rural - 1983 52 256.98 13 4450.84 
8 Brandenburg Finkenkrug Rural - 1909; 1910; 
1943 
52 3314.76 13 237.68 
11 Brandenburg Fürstenwalde, Wernsdorfer See, Protected 
landscape 
Rural Near natural 1978; 1980; 
1981; 1986 
52 2250.96 13 4346.21 
1 Brandenburg Gosen, Neu-Zittau, Wernsdorfer See, Protected 
landscape 
Rural Near natural 1985 52 2343.35 13 4334.08 




Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
1 Brandenburg Groß Schönebeck, Schorfheide, Wildlife park Rural - 1932 52 549.39 13 3116.15 
3 Brandenburg Großkoschen Rural - 1985 51 2919.30 14 224.59 
2 Brandenburg Gruenheide Rural - 1970; 1980 52 250.92 13 486.53 
1 Brandenburg Grunow, Dammdorf Rural - 1906 52 831.43 14 2452.29 
2 Brandenburg Henningsdorf Rural - 1975 52 3735.49 13 1031.97 
6 Brandenburg Herzfelde Rural - 1931; 1943 52 2825.84 13 5124.52 
1 Brandenburg Hohen Neuendorf Rural - 1973 52 3953.12 13 168.97 
1 Brandenburg Hohen Neuendorf, Borgsdorf Rural - 1913 52 4245.54 13 1610.60 
1 Brandenburg Holzberg, Rietser See, Natural reserve Rural Near natural 1977 52 230.23 12 3856.73 
3 Brandenburg Hoenow Rural - 1923; 1928; 
1930 
52 3242.79 13 3823.38 
2 Brandenburg Hoenow, Mehrow Rural - 1939; 1978 52 3422.27 13 3818.36 





Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
2 Brandenburg Juehnsdorf Rural - 1947 52 185.28 13 230.63 
1 Brandenburg Kablow Rural - 1975 52 2734.30 13 815.30 
1 Brandenburg Klein-Mutz Rural - 1980 52 5715.96 13 177.84 
8 Brandenburg Lebus an der Oder Rural - 1935; 1971; 
1979; 1986 
52 250.37 14 3154.98 
1 Brandenburg Lebus an der Oder, Oderbruch Rural - 1981 52 2530.86 14 3042.28 
3 Brandenburg Lebus an der Oder, Priesterschlucht Rural - 1975 52 2841.57 14 3227.08 
1 Brandenburg Lotschesee Rural - 1968 52 4847.65 13 3014.64 
1 Brandenburg Luckau Rural - 1970 51 5110.94 13 4235.91 
6 Brandenburg Ludwigsfelde, Wietstock Rural - 1942 52 184.12 13 1541.86 
1 Brandenburg Machnow Rural - 1932 52 1615.57 13 2736.26 




Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
8 Brandenburg Mallnow Rural - 1979; 1982; 
1986; 1993; 
1994 
52 2149.88 13 2312.81 
17 Brandenburg Mallnow, Natural reserve Rural Near natural 1975 52 192.66 13 2112.69 
1 Brandenburg Mildenberg Rural - 1998 53 028.37 13 1745.98 
2 Brandenburg Mittenwalde Rural - 1983 52 1548.21 13 323.78 
9 Brandenburg Muehlenbeck Rural - 1949; 1973; 
1974 
52 3959.32 13 2249.22 
7 Brandenburg Muencheberg Rural - 1980 52 3024.90 14 741.38 
3 Brandenburg Nauen Rural - 1910; 1927; 
1942 
52 3624.90 12 5253.36 
2 Brandenburg Nauen, Nauener Stadtforst Rural - 1921 52 3822.79 12 5724.98 
1 Brandenburg Neuendorf Rural - 1982 51 369.14 11 538.83 
3 Brandenburg Oderberg, Gravel surface Rural - 1990 52 528.15 14 210.65 





Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
7 Brandenburg Potsdam, Großbeeren Rural - 1982 52 2133.91 13 1832.17 
13 Brandenburg Potsdam, Surroundings Rural - 1977; 1978; 
1979 
52 210.45 13 85.14 
1 Brandenburg Rathenow Rural - 1969 52 3457.31 12 1911.15 
14 Brandenburg Ruedersdorf Rural - 1899; 1943; 
1969; 1994 
52 2853.73 13 5014.62 
2 Brandenburg Schiffmuehle Rural - 1990 52 4819.57 14 526.26 
1 Brandenburg Schildow Rural - 1974 52 400.11 13 2212.35 
1 Brandenburg Schildow, Arkenberge, Natural reserve Rural Near natural 1981 52 3835.99 13 256.13 
2 Brandenburg Schildow, Moenchmuehle Rural - 1972 52 3848.96 13 2254.16 
7 Brandenburg Schildow, Natural reserve Rural Near natural 1981 52 3824.74 13 210.35 
1 Brandenburg Schmerzke Rural - 1971 52 239.59 12 3537.60 




Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
17 Brandenburg Schoenfließ Rural - 1967; 1972; 
1973; 1977; 
1981; 1985 
52 3912.96 13 2025.65 
12 Brandenburg Sperenberg Rural - 1930; 1937; 
1082 
52 815.92 13 2155.28 
9 Brandenburg Strausberg Rural - 1893; 1934; 
1946; 1965; 
1983; 1987 
52 3352.28 13 5240.52 
1 Brandenburg Telz Rural - 1934 52 1449.39 13 2846.78 
1 Brandenburg Tiefensee Rural - 1932 52 410.63 13 5018.53 
1 Brandenburg Toepchin Rural - 1991 52 101928 13 343797 
10 Brandenburg Wandlitz Rural - 1972; 1973 52 4515.19 13 2821.97 
2 Brandenburg Wernsdorf Rural - 1974 52 231.95 13 4223.01 
1 Brandenburg Wernsdorf, Wernsdofer See, Protected landscape Rural Near natural 1974 52 2046.36 13 412.45 
3 Brandenburg Wietstock Rural - 1942 52 164.82 13 1833.95 





Area District Region Habitat Time GPS coordinates 
Latitude Longitude 
1 Brandenburg Zossen Rural - 1991 52 131.11 13 2713.65 
1 Brandenburg Zossen, Hostfelde Rural - 1991 52 1241.79 13 2427.57 




2016 53 2221.15 13 404.43 




2017 53 20.746 13 44.327 




2017 53 20.334 13 39.330 




2017 53 20.611 13 45.943 








Area District Region Habitat Time GPS coordinates 
Latitude Longitude 















2017 52 33.962 13 38.178 
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